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Abstract

Factoring the first two-hundred and fifty Fibonacci numbers using
just trial division would take an unreasonable amount of time. Instead
the problem must be attacked using modern factorization algorithms.
We look not only at the Fibonacci numbers, but also at factoring in-
tegers defined by other second and third order recurrence relations.
Specifically we include the Fibonacci, Tribonacci and Lucas numbers.
‘We have verified the known factorizations of first 382 Fibonacci num-
bers and the first 185 Lucas numbers, we also completely factored the
first 311 Tribonacci numbers.
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2 Introduction

Factoring integers has been a popular topic in the field of number theory
since shortly after the integers were discovered. Within the past twenty-
five years the factorization of large! integers has become popular in the
field of algorithmic number theory, due almost exclusively to the availability
of inexpensive, high performance computers. This paper discusses some
of the most common factorization algorithms, both classical and modern,
specifically in terms of factoring integer sequences defined by second and
third order recurrence relations.

Many papers have been published regarding factoring particular types of
numbers; among these are: Tables of Fibonacci and Lucas Factorizations by
John Brillhart, Peter Montgomery and Robert Silverman (8], and Factoriza-
tion of the tenth and eleventh Fermat numbers by Richard Brent [3]. There
are also numerous books on the subject of modern factorization, includ-
ing two that are required reading: Prime Numbers and Computer Methods
for Factorization, by Hans Riesel [14] and the classic The Art of Computer
Programming (volume 2) by Knuth [9].

In Section 3 we describe general purpose factoring algorithms, includ-
ing some elementary complexity analysis of some of the algorithms. The
properties and specialized factoring algorithms of the integer sequences con-
sidered in this paper are discussed in section 4. Section 5 is a description
of how the algorithms and methods discussed are applied, and the compu-
tational results of applying the factoring algorithms is covered in section 6.
A supplement to this paper contains the actual factorization tables.

We finish our introduction with a few words on definitions, properties
and notation used throughout this paper.

2.1 Definitions, Notation and Elementary Properties

It is assumed the reader has a familiarity with elementary number theory and
group theory. A little knowledge of algebraic number theory and field theory
(abstract algebra in general) makes some of the more obtuse algorithms a
bit more comprehensible. Suggested reading includes An Introduction to
the Theory of Numbers, by Hardy and Wright [6], and Abstract Algebra, by
Herstein [7].

!Consider a number large if it has more than 30 digits.



2.1.1 Definitions and Elementary Properties

Theorem 2.1.1 (Fermat’s Theorem) If p is a prime, then a?~1 = 1 mod p,
for all a # 0 mod p.

2.1.2 Notation

f*(z) the n®® functional composition of f.

gcd(a,b) the greatest common divisor of a and b.

G, - the n® number in the third order recurrence relation defined by G, =
Gn—l =+ Gn—3-

M, - the multiplicative group of all primitive residue classes mod n.
p - is always reserved to represent a prime.

Sm an integer sequence periodically recurrent mod m.

T, the nt* Tribonacci number.

U, the nt* Fibonacci number.

V., the n** Lucas number.

Z, the positive integers mod n.

Z, the positive integers.

(a/b) - Lengendre’s symbol.

Z binomial coefficient

3 General Purpose Factoring Algorithms

This section is intended to familiarize the reader with general purpose fac-
toring algorithms for numbers without special form.

3.1 Pollard (p - 1) Method

The Pollard p — 1 method is based on the following two observations. First,
if p — 1|Q, and ged(a,p) = 1, then pla? — 1. This follows directly from
Fermat’s Theorem?. Second, suppose for some factor p of N, that

p-1=T]q M

where each ¢ < B, B a relatively small bound (i.e., p — 1 is composed of
only small factors).

2Gince a? 1 =al " D* _1 = (a*)?~! - 1, for some k, and since p - 1 | Q, by Fermat’s
theorem (a*)?~! = 1 mod p, since ged(a*,p) = 1. Therefore pla® — 1 ’



If supposition (1) is true, and we let @ be the product all primes and
prime powers less than our limit B (Q = Hrf ‘, for all rf" < B, r; prime
and 3; > 0), then Q is a multiple of p — 1, and p = ged(a¥ — 1,N) is a
non-trivial factor of N. If on the other hand p — 1 contains a factor f > B,
then in general the algorithm fails.

Algorithm 3.1.1 (Pollard (p 1) Factoring Algorithm)

1. (initialize) Choose a search limit B,
choose a seed value ag (e.g. ap =13),
let j =1 (counter),
let Factor Base = all primes and prime powers less than or equal to
B ({g]| for all ¢ < B, q prime}). Assume Factor Base is ordered,
and that the largest indez is J.

2. aj = a?"_l mod N, where p; is the j* element of Factor Base.

3. Ifged(aj—1,N) # 1, then ged(a; — 1, N) is a factor of N and we stop.
4-3=3+1

5. if 3 < J, then Goto 2

This method can dramatically speed up factorization if the number con-
tains a factor p such that p — 1 is comprised only of small factors. When
this is not the case however, the algorithm is no better than trial division,
so the method is used with a relatively small bound on the factors of p — 1.

There is an extension to the p—1 algorithm that can be used if no factors
are found within the search limit B. Suppose, as in (1) that

i -1
p—1=]]¢" =Q]] &*
=1 =1

where Q is the only prime factor of p — 1 that exceeds B. Now let b =
I1 qf “mod N, for all ¢;° < B (i.e., the final value of the calculation of step
2 of the p — 1 algorithm above), and choose a new search limit By such that
B < B,. Define the set R as the set of all primes between the largest prime
less than B and By ({r;|r; > (largest prime < B), and r; < By}). Now
recursively find the value '

pri+t = prip(ritr T mod N, ) (2)

if ged(d™+t — 1, N) > 1, we've found a factor.



Algorithm 3.1.2 (Pollard (p 1) Factoring Algorithm Phase 2)

1. (initialize)Choose a new search limit Bs,
let b equal the final computation of a in step 2 of algorithm 3.1.1,
define {r;|r; > largest prime < B, and r; < By}; assume ordered, with
largest indez L

2. calculate b+t = pib(ri+1-T) mod N

3. Ifged(b"+1 —1,N) # 1, then ged(b™+! — 1, N) is a factor of N and we
stop.

4.1 =1+ 1
5. ifi <1, then Goto 2

The second phase of this algorithm was not used, but is presented here
for completeness.

3.2 Pollard Rho Method

Pollard’s Rho method is a Monte Carlo algorithm that usually finds a factor,
not necessarily prime, of an integer N in O(N'/*) arithmetic operations.

The ideas behind Pollard’s Rho method can be described in gross terms?
as follows:

1. Given a composite number N, and p, an unknown factor of N, con-
struct a sequence S that is periodic mod p.

2. Determine the period of S.
3. Determine p using the above sequence and its period.

The first thing we must do is find a way to easily construct an integer
sequence that is periodic mod p. Consider the sequence S, (m a positive
integer), defined by,

Sm = {zi|z; = f(z;—1) mod m,Vi € Z;,0 < zg < m, f a polynomial}. (3)

The sequence S,, can be constructed by taking the successive functional
composition of an initial value (z) for some polynomial f (throughout the

8As you will soon see this is a grossly oversimplified description, but it will do as a
starting pomt.



remainder of this section any function f should be assumed to be a poly-
nomial, unless otherwise stated), then calculate that value modulo some
prime p. Constructing the sequence Sy, is computationally inexpensive, and
showing that S, is periodic is not difficult.

Lemma 3.2.1 S,, is periodic.

Proof. Applying the Pigeon Hole principle to the first m + 1 elements of
Sm, some value f*(zg) must be repeated. Let i be the index of the first
occurrence of f*(zg), and let j be the index of the next occurrence of f%(z()
(i-e., fY(zo0) = fI(m0)). Label f!(zo) = a. Then for all k > 0, {5 (o) =
f¥(a) = f7*(z¢) (the fact that f is a polynomial is necessary, as you can
see). So Sy, is periodic from the index 7 on.

Lemma 3.2.2 If Sy, is periodic and ;,zj € Spm,j > 4, such that, z; = z;,
then S, is periodic starting at x;.

Proof. Proved as part of the proof of Lemma 3.2.1

Now that we can construct S, with no great difficulty, suppose we wish
to find its period. Obviously a direct search comparing arbitrarily long sub-
sequences will work, but is out of the question for sequences with sufficiently
large period-lengths. Fortunately there exist algorithms to detect the period
that are efficient. Specifically, Floyd’s cycle-finding algorithm* detects the
period of a periodic sequence {z;} mod m by testing if z9; = z; mod m.

Theorem 3.2.1 (Floyd’s Cycle Finding Theorem) The period of a periodic
sequence Sy, can be detected by comparing zo; = z; mod m.

Proof. Let a be the aperiodic length and [ be the period-length of S,,,. Let
j >1i,1i> a, then z; = z; mod m implies that j —4 = kl for some £ > 0 (i.e.,
j —1i is a multiple of the period). So, if 2; = z; mod m, then 7 is a multiple
of the period, and the sequence is periodic from z9; onwards. Conversely, if
zj = z; mod m is true for j =i+ kI, for K > 0, Vi > a. Eventually there
will be an i such that j = 2i (specifically when kI = 4)°.

Algorithm 3.2.1 (Floyd’s Cycle-Finding Algorithm)

“Richard Brent [2] has found a more efficient algorithm than Floyd’s, and it is generally
used. We use Floyd’s algorithm in this explanation because of its simplicity.
5For a more in depth treatment of this algorithm see [2, 9, 14]



1. Given a period sequence Sp, as defined in (3).
2. (instialize) z = 21,y = f(z1)
3. Repeat {z = f(z),y = f(f(y)) } Until z = y.

Once Floyd’s algorithm terminates, the period can be found by comparing
the terminating value of z, which we will call z; with z;11,Z;y2,... until
Zi+1 = T, at which point we know [ is the period-length.

Pollard applied Floyd’s algorithm to simple polynomials f(z) mod N
(specifically quadratics of the form, f(z) = 2% + a,a # 0 or — 2)%, and
replaced the termination test z = y with if ged(|z — y|, N) > 1, then stop.
Pollard also showed that there is no need to compute the greatest common
divisor on every iteration [12], but that we can instead calculate

n

Qn = [[ (2 — =),

=1

and apply Euclid’s algorithm only occasionally. The chances that the al-
gorithm will fail because @), = 0 does increase, so we shouldn’t perform
Euclid’s algorithm too infrequently.

Algorithm 3.2.2 (Pollard’s Rho Factoring Algorithm)

1. (initialize) Choose a quadratic f(z) = z° + a,a # 0 or — 2,
choose 1 € {1,2,...,N — 1},
choose a frequency ¢ with which to apply Fuclid’s algorithm,
choose a search limit B,
let Q() = 1,
leti=1.

T =121,y = f(z1)

Qi = (y — r)Qi—1 mod N

if 1 = 0 mod ¢ and ged(Q;, N) > 1, then stop
5. z=f(z),y=F(f(v))-

5¢ = 0 should be avoided for obvious reasons; we quote Knuth [9, p. 371]: ‘a = -2
should also be avoided, since the recurrence Tm+t1 = z2, — 2 has solutions of the form
Zm =12 +7172" . Other values of ¢ do not seem to lead to simple relationships mod p.’

Wt




6. i=1-+1.

7. if i < B Goto 4, else stop.

Although Pollard’s Rho algorithm is as beautifully simple as Floyd’s cycle
finding algorithm, why should we expect it to produce the unknown factor p?
Consider the sequence Sy generated by the function f(z) = (z2+a) mod N.
According to Lemma 3.2.1, Sy is periodic (although the period-length could
be large). Now consider the sequence S, generated by the function f(z)
given in Sy, where p is the smallest prime factor of N (i.e., S, = Sy mod p).
If zo; = z; mod N, then it follows that z2; = z; mod p, so we can think of
the test ged(|z —y|, N) > 1 on Sy as simply being a redundant form of the
same test on Sp, which will terminate in at most ¢ < p iterations.

The worst case for Pollard’s algorithm then is p iterations. Brent [2]
and Knuth [9, p. 367-369] have shown that the expected value’ of i is ap-
proximately (/2)%2p'/2. So the number of iterations of Pollard’s algorithm
needed to find the factor p is on the order of O(N1/4).

An intuitive (and necessarily less rigorous) algebraic argument showing
why a factor p of N (where N is sufficiently large to apply the probabilistic
arguments that follow) is likely to be found in O(N'/4) iterations of Pollard’s
Rho method is given by Riesel [14, p. 182-183]:

2 2
Yi = T —Ti=Ty 1ta—ITi;—a

r2 | —z2 | = (zoi-1+ Ti—1)(T2i—1 — Ti—1)

= (Zoi—1 + Ti—1)(T2i—2 + Ti—2)(T2—2 — Ti—2)

= (721 + Ti1)(T2i2 + Ti—2)...(zi + zo)(z; — Zo)

So there are i+ 1 algebraic factors in y;. How many iterations do we need to
ensure that all primes less than or equal to p are included in the y;‘s? Since
the number of prime factors < G of a given number N is approximately
In(In(G)), see [14, p. 161], executing n iterations of Floyd’s algorithm we
have @, = [1}-; ¥i, which should contain

In(In(G)) Zn:(i +1) = 0.5n% In(In(G))

i=1

"The statistical distribution of the total number of prime factors of a number N is
approximately normal [9, p. 368].

10



prime factors < G. We also know that 7(p) = p/In(p), which gives us

p/ In(p) =~ 0.5n2 In(In(p)),

n pl/ 2,

So the number of iterations of Pollard’s algorithm is on the order of
O(p'/?) = O(NY*).

The Pollard Rho algorithm can be further modified by limiting the num-
ber of iterations of the main loop. The more iterations, the higher the prob-
ability of success. Choosing the number of iterations to be ~ 1.18p'/2 yields
approximately a 50% success rate, see [14, p. 179-180].

3.3 Small Prime Trial Division

Trial division with the first 100,000 primes eliminates small prime factors
that may appear in factors found using algorithms such as Pollard Rho.

Since the number of primes we are using is relatively small, the trial
division algorithm can be optimized by maintaining a list of primes cached
in memory.

3.4 Fermat’s Factoring Method

The idea behind Fermat’s method is to express a composite number N as
the difference of two squares, say, > —y°. In other words, if we can express

N=z*-y’=(z—y)(z+y), (4)

in a non-trivial manner, then we have found two non-trivial factors of N. In
order to arrive at an efficient algorithm we rewrite (4) as:

y? =22 — N. (5)

From this we see that z > v/N, so we Initially set z = |VN +1]; ifz2 — N
is a perfect square, a factor has been found; otherwise increment z and try
again. Notice that (z+1)>2— N = z?+2z+1—N = y*+ (2 +1). So, when
we need to increment z, we can simply add 2z + 1 instead of the squaring z
and subtracting N. This observation makes the algorithm more efficient.

Algorithm 3.4.1 (Fermat’s Factoring Algorithm)

1. (initiakize) m = |VN + 1],
choose a search limit B.

11



Calculate z =m? — N

If z is a perfect square, then stop (N is a difference of squares)
z=2z4+(2m+1)

m=m-+1

If m > B, then stop.

= > m o e e

Goto 8

Fermat’s algorithm is only efficient when N contains two nearly equal
factors. By reasonably limiting the search, we can occasionally save a lot of
computation time.

3.5 Elliptical Curves Method

H. W. Lenstra discovered the Elliptic Curve Method (ECM) of integer fac-
torization. Lenstra applied Pollard’s p — 1 method over a group other than
M, (the multiplicative group of all primitive residue classes modn). Specif-
ically, Lenstra used the group of rational points on an elliptic curve®.
There are several forms of elliptic curves; the most commonly used form

is due to Peter Montgomery,
By? = 1% 4+ Az? + z, with B(A%2—4) #0.

By varying A and B we can generate several groups over which the algorithm
can be used; for details on why this form is desirable see [3, 14].

The algorithm from this point on is almost identical to the Pollard P —1
algorithm. Choose A and B (there are prescribed ways makes these choices)
and a rational starting point P, = (z1,y1). Now iteratively calculate P; by

P11 =p;o P mod N,

where p; is the 1** prime and o is the group composition operation. Periodi-
cally check if 1 < ged(z;+1,N) < N, until a factor is found, or a pre-defined
search limit is reached. If a factor isn’t found, change A, B, and P, and

8 Jacobi discovered the remarkable fact that the set of rational points on an elliptic
curve form a group under an operation of composition that generates a rational point
from two others.

12



start again. After changing curves a number of times, a factor is usually
found.

The ECM algorithm is very effective at finding factors in the 15 to 40
digit range.

3.6 Multiple Polynomial Quadratic Sieve

The Quadratic Sieve algorithm developed by C. Pomerance [13], depends on
finding non-trivial solutions to the Legendre congruence

A? = B2 mod N. (6)
Another, more useful way to express this congruence is
A? -B?2=(A-B)(A+B)=0mod N. (7

If AZ Bmod N and A Z —B mod N, then ged(A + B,N) and gcd(A —
B, N) are proper factors of N (notice that this is essentially the same tech-
nique used in Fermat’s method. Using quadratic congruences is the basis for
nearly all modern factoring algorithms (Quadratic Sieve, Multiple Polyno-
mial Quadratic Sieve, Number Field Sieve, Continued Fractions algorithm)
of sufficient power to factor numbers without special form of greater than
30 digits). Pomerance’s original Quadratic Sieve (single polynomial) used
the following quadratic equation to generate quadratic residues,

Q(z) = (z + floor(VN))? — N = H> mod N. (8)

Pomerance recognized that using this polynomial to generate a set of quadratic
residues of N, provides a rather nice consequence; namely, if p|@Q(z), then
p|Q(z + kp) for all k € Z. To see this substitute (z + kp) for z in Q(z), and
notice that,

Q(z + kp) = Q(z) + (kp)? + 2kp(z + floor(v'N)) = 0 mod p. 9)

So, with only a single solution z to equation (8) such that p|@Q(z), other
values z; can be found such that p|@(z;) by sieving on z (i.e., z; =z + kp
where k =0,+1,+2,...).

13



Algorithm 3.6.1 (Quadratic Sieve)®

1.

Select a set of primes called the factor base, FB, such that FB =
{pil(N/p;) = 1,i = 1,2,..,B}U {po = —1} (where (N/p;) is the
Legendre symbol), for an appropriate bound B (choosing an appropriate
bound B is non-trivial, and is not described here). The goal here is
to find a set of primes such that Q(z) is pp smooth, i.e., Q(x) can be
factored completely over the chosen factor base.

Find the roots r1 and ry of the polynomial Q(z) = 0 mod p;, for all
pi € FB.

Initialize a sieve array S[z] = 0 over some interval [-M, M] for some
appropriate value of M.

. Vp; € FB, add In(p;) to the (r; + kp;) location of S (i.e., S[r; +kp;] =

S[rj + kp;] +1In(p;)), where j € {1,2},k € Z,r; + kp; € [-M, M.

Since the value of Q(z) over [-M, M] is approzimately M~/N , look for
sieve locations where S[z] =~ InN/2 + 1nM. It is precisely at these
locations that Q(z) may have fully factored residues, and we perform
trial division to factor Q(z),

B
Q(z) = [[ »*, pi € FB. (10)
i=0

Let w; = (o1, a2, ...,ap) and sz = Q(z) as defined in equation (10) .

Generate B + 1 of the factorizations in (6) and create an augmented
matriz M, where R; = [w]]HJz] is the j** row, and reduce it via Gaus-
sian elimination over Zs. If a linear dependency exists in M, then
the product of the vectors in that dependency forms a square, and con-
structing a quadratic congruence (6) is straight forward.

The computational effort required to factor a number with the Quadratic
Sieve algorithm is a function of the size of the number being factored. This is
different from most classical factorization methods where the computational
effort is a function of the second largest factor. Since the computational cost
is dependent on a known value, heuristics can be devised to estimate the

®The description of this algorithm is based largely on a paper by R. Silverman [15].

14



run time of the algorithm. In so doing it doesn’t take long to discover that
as N grows, so do M and the factor base (as N increases, Q(z) increases
and as Q(z) increases so does the value pp such that Q(z) is pp smooth).

This problem is a significant deficiency in the algorithm when applied to
sufficiently large numbers. Peter Montgomery [15] came up with the idea to
use multiple polynomials of the form

Q(z) = Az? + Bz + C, with B2 — 4AC = N, (11)

to generate the desired quadratic residues (note that B? — 4AC = N is
not arbitrary and is indeed necessary to ensure we can generate quadratic
residues, see [15]). Using multiple polynomials means that the size of the
sieve interval can be kept small, resulting is residues that are in general
easier to factor. The use of multiple polynomials also lends itself directly to
parallel implementations.

There are many variants of MPQS which optimize different parts of the
algorithm. For a more complete treatment of these variations see [11, 4, 5,
10]. The MPQS was used to solve the RSA-129 challenge.

3.7 Primality Tests
3.7.1 Fermat Probable Primes

To test the primality of discovered factors (specifically large factors) a ver-
sion of the Fermat probable prime test was used. Each probable prime was
tested using 100 different bases, so the probability that the probable primes
discovered are composite is unlikely (but of course, not impossible). For
details on Fermat probable prime algorithms, see [9, 1].

4 Recurrence Relations
Let a1, as, and a3 be integers. If ag # 0, then
Tpn = Q1Tp—1 + a2rp_o + a3"'n—3avn > 3,

along with initial values for rg, 71 and ro, is a third order recurrence relation.
To express a second order recurrence relation, we let a3 = 0 and ag # 0,

Ty = G1Tp—1 + G2Tp—2, N > 2.

15



As mentioned earlier, the recurrence relations considered in this paper
are the second and third order recurrence relations which generate the Fi-
bonacci, Lucas and Tribonacci numbers, as well as the third order recurrence
relation defined by r, = r,_1 + rn_3.

4.1 Fibonacci Numbers
The Fibonacci numbers are defined by the second order recurrence relation
Up=Up1+Up 2, n>2, (12)

where Uy =0, and U7 = 1.

The Fibonacci numbers are perhaps the most well known of all integer
sequences. They make regular appearances in nature (pine cones and sea
shells for example), art, architecture, and a host of other fields. There is
also voluminous amounts of information regarding the Fibonacci numbers
available that can be used to verify or refute the results in this paper!®.

4.1.1 Fibonacci Factorization Algorithm

Factoring Fibonacci numbers can be simplified by the fact that the greatest
common divisor of two Fibonacci numbers is the Fibonacci number whose
index is the greatest common divisor of the indices of the Fibonacci numbers
in question,

ged(Unm, Un) = Ugcd(m,n)- (13)

From this simple identity we can prove the following theorem.

Theorem 4.1.1 U, = C[[%; Upes, where n = 1%, pgi.

Proof. From equation (13) we know that for each of the factors p{’ of n,
god(Un, Upes) = Uy,

and,
gcd(Up?-, Up;j) =1

Since all of the Upgi are pairwise relatively prime and each divides U,

k
U, =CHUP?,
=

1=

105ee Vajda [16] and Vorobyov [17]

16



for some constant C.
We can now construct an algorithm to factor Fibonacci numbers with
composite indices.

Algorithm 4.1.1 (Fibonacci Factoring Algorithm 1)

1. Given Uy, where n is composite, factor n into its prime factorization
e1,.e2 (12
pIps? ... PRk,
2. Factor each Upei, use the factorization if we already know it.

8. Fuactor C.

Another property of Fibonacci numbers that can be exploited when fac-
toring is the identity,
Uzn = UnVh, (14)

where Vj, is the n* Lucas number. Equation (14) leads to an efficient
factoring algorithm for Fibonacci numbers with even indices.

Algorithm 4.1.2 (Fibonacci Factoring Algorithm 2)

1. Given Uy, factor U, and V,, or copy the factorizations if we already
know them.

The real difficulty in factoring Fibonacci numbers is when the index is
prime, and then general purpose factoring algorithms are our only recourse.

For an in depth treatment of the multiplicative structure of the Fibonacci
numbers, see [8].

4.1.2 Results

We successfully factored the first 382 Fibonacci numbers (plus a few others of
higher index), and verified these factorizations against the work of Brillhart,
Montgomery and Silverman [8] (this work contained the complete factoriza-
tion of all Fibonacci numbers up to the 388%). We also factored completely
the 389" Fibonacci number, the first number not completely factored in
Brillhart, Montgomery and Silverman’s paper. I have since contacted Peter
Montgomery and received an updated table of Fibonacci factorizations, and
not only has the 389" Fibonacci number been factored since the publication
of the original paper; but the first Fibonacci number not completely factored
is U703.
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4.2 Lucas Numbers

The Lucas numbers are defined by the second order recurrence relation,
Vo=Va14+Vpa, n>2, (15)

where Vp =2, V] = 1.

The Lucas numbers are a close cousin to the Fibonacci numbers. There
are two reasons for including them: 1) they can be used to aid in the factor-
ization of Fibonacci numbers (see above) and 2) they have well known mul-
tiplicative properties (and existing factorization tables), providing a means
to verify the implementation of the general purpose factoring algorithms.

4.2.1 Results

While there exists a useful multiplicative structure to the Lucas numbers
(again, see [8]), these properties were not used as an aid to factorization.
Instead only the general purpose factoring algorithms at our disposal were
used, so that a verification of our implementation could be assessed. The
first 185 Lucas numbers were successfully factored in less than an hour of
real time (half of these numbers contain 20-40 digits).

4.3 Tribonacci Numbers

The Tribonacci numbers are defined by the third order recurrence relation
Tn=Th-1+Th2+Th3, n=>3, (16)

where Ty =0, and 77 =15 = 1.

This is perhaps the most enigmatic sequence of integers we considered.
There is a definite multiplicative structure, but it is convoluted and appears
to be of no use as an aid in the factorization of numbers higher in the
sequence.

4.4 Results

We successfully factored the first 311 Tribonacci numbers (as well as a few
others of higher index). To the best of our knowledge this is the most exten-
sive factorization of the Tribonacci numbers; we could locate no references
to work that had attempted to factor the Tribonacci numbers.
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4.5 G, =G, 1+ G,_3 Numbers

The final sequence considered is the one generated by the third order recur-
rence relation
Gn=Gn_1+Gp3, n>3, (17)

where Gy = 0, and G; = G5 = 1. From this point on we will call this the G
sequence; if a name exists for this sequence already, no slight is intended.

Only the general purpose factoring algorithms were applied to these num-
bers.

4.5.1 Results
‘We successfully factored the first 322 numbers in this sequence.

5 Application of Methods

If there is a best strategy for factoring arbitrarily large composite integers
without special form, it is not yet known. However, most researchers agree
that the following set of guidelines work reasonably well, see [8, 14]:

1. Perform trial division up to some small limit.

2. Make sure N passes a compositeness test (i.e., it isn’t a probable
prime).

3. Apply Pollard’s Rho algorithm, searching for factors in the range of 8
to 15 digits.

4. Now is where you hope for a little luck and try algorithms that occa-
sionally find large factors, but in general either fail, or are too time
consuming to be useful in the general case (for-example: Pollard’s
P —1 and Fermat’s algorithms). These algorithms should be run with
relatively small bounds, since they are unlikely to find a factor in the
general case.

5. Use ECM to search for factors that are near or beyond the upper limit
of the particular Pollard Rho implementation you are using (i.e., find
the efficiency crossover point of the Pollard Rho and Elliptic Curves
Method for the specific system being used).
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6.

When all else fails use the big guns: MPQS or the Number Field

Sievell.

The strategy used to factor the integers considered in this paper follows
the recipe given above, and was as follows:

1.

Given a number N to factor, first make sure N is not a Fermat probable
prime (repeat this test on the quotient, any time a factor is found in
any step). The probability that number is actually composite after
passing the Fermat probable prime test is (1/4)'% (see [9, p. 379]).

If we are factoring Fibonacci numbers, then we need to use the special
case Fibonacci factoring algorithms now. If we waited until some of the
factors are found by other algorithms (say during trial division), then
we have to sort out the duplicates, since the special case algorithms
involve copying factorization of previous Fibonacci numbers.

Now perform trial division using the first 100,000 primes (yes, we used
the first 100,000 primes, not all primes under 100,000). The limit on
the trial division (p1o,000 = 1299709) should eliminate for all prac-
tical purposes the need to factor the factors found by the remaining
algorithms.

Apply Fermat’s algorithm with a bound of 100,000 iterations. This
algorithm is extremely fast with such a small bound, and should find
factors that are within a range of 100,000 of the square root of the
number we are factoring.

Pollard’s Rho algorithm is now run, with an upper bound on the num-
ber of iterations at 100,000, so we should expect to find factors in the
6 to 11 digit range. The range of digits we should expect comes from
the fact that trial division eliminates factors less than 6 digits, and
the maximum number of iterations is a hidden representation of the
square root of the largest prime factor the algorithm can detect (refer
back to the closing remarks of section 3.2), i.e., 100, 0002 has 11 digits.

11The Number Field Sieve is the latest, and most powerful modern factorization algo-
rithm. This is the algorithm used to factor the RSA-130 number. This algorithm relies
heavily on algebraic number theory and is beyond the scope of this paper.
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6. If we found a factor using Pollard’s Rho algorithm in step 5, then go
back and continue from step 4. If we didn’t find a factor, then either
change the polynomial and return to step 5, or continue if we have
already changed polynomials more than 3 times (the choice to use 3
polynomials was arbitrary).

7. Try Pollard’s P — 1 algorithm, just in case.

8. Onto the Elliptic Curve Method. An existing implementation of this
algorithm was used!? to search for factors in the 10 to 34 digit range.
The reason for this range is simple. At the lower end, the Pollard Rho
algorithm is in general going to find factors that are less than 11 digits.
The upper end is a limitation of implementation.

9. Now pull out the big gun, namely, MPQS.

It may seem that 100,000 was chosen arbitrarily as the bound limit for
most of the algorithms. There is a small amount of truth in that, but the
bounds were actually chosen to ensure that each subsequent algorithm was
not duplicating a search for factors of the previous algorithms. In the case of
Fermat’s algorithm, we choose this bound only to preserve this coincidental
symmetry.

12The LiDIA C++ library of computational number theory routines
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6 Results

Below we present the factors found using each algorithm (except trial divi-

sion) on all the numbers of 50 or fewer digits in each sequence!3.

Sequence Rho ECM P-1 Fermat MPQS Pr?b Total
Prime
Fibonacci 42 12 0 0 0 168 222
Fibonacci* 90 24 0 2 0 175 291
Lucas 90 36 0 0 0 193 319
Tribonacci 61 23 0 0 0 141 225
G 101 39 0 2 0 241 383
Total 384 134 0 4 0 918 1440

Table 1: factors found by each algorithm.

As the numbers being factored increased in size, ECM and MPQS be-
came more dominant, which is the expected outcome. This is not reflected
in the table above since the crossover doesn’t occur until around 60 digits.

In previous trials MPQS started extracting factors around the 40 digit
range, however, the data above reflects a rather selfish ECM algorithm
(which was contrived, in order to avoid problems with the implementation
of some of the software routines not implemented directly by the author).

131n the following tables, Fibonacci* means the special case Fibonacci factoring algo-
rithms were not used
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Now we present the same data normalized by the number of factors

found,
Sequence
Fibonacci
Fibonacci*
Lucas
Tribonacci
G

Total

Rho

0.19

0.31

0.28

0.27

0.26

0.27

ECM

0.05

0.08

0.11

0.10

0.10

0.09

Table 2: factors found by algorithm

Prob
Prime

0.76

0.60

0.61

0.63

0.63

0.64

Total

222

291

319

225

383

1440

normalized by total factors found.

At first glance the number of factors detected using the Fermat probable
prime test may seem suspiciously high, however, once you consider that the
last factor (when N is sufficiently large) will almost always be detected this
way, the numbers becomes much more reasonable.

Approximately 30% of all factors (excluding those found using trial divi-
sion) were extracted using Pollard’s Rho algorithm, and 10% were extracted
using ECM. The average size of a factor was 8 digits for Pollard Rho and
15 digits for ECM (this was uniform across all four sequences), which is
approximately the midpoint of the range of each algorithm respectively.
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Avg. Size of

Sequence Prob.
Primes

Fibonacci 15

Lucas 13

Tribonacci 18

G 18

Table 3: Avg. size of Probable Primes (50 digits or less)

The table above gives an indication of the average size of the largest fac-
tor of the numbers factored in each sequence. It is interesting to note, that
the average size of the largest factor in the third order recurrence relations,
seem to be larger than for those of the second order recurrence relations.
This result supports an observation we made about the factors in the Tri-
bonacci sequence, namely, if you examine the table of factorizations of the
Tribonacci’s, it appears that there are inordinately many factors that are
larger than expected, assuming a Gaussian distribution of factors. It seems
that this difference is not caused by the different growth rates of the second
and third order recurrence relations either. We tested this hypothesis by
normalizing the data in table 3. We did this by dividing by the average
size of the numbers considered in each sequence, in the range of 1-50 digits.
This result could be explained by the small sample space used in this experi-
ment, but the author believes it is worth investigating given the preliminary
evidence.

7 Platform

The platform used to develop the software and perform the experiments is:
e SUN Ultra Sparc 1 (64MB memory and 1.2G hard drive),
o C/C++ programming languages,
e GNU Multiple Precision Integer library (-lgmp).
e LiDIA C++ Algorithmic Number Theory library (-1LiDIA)
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e GNU C++ compiler,

e SUN Sparc Works C compiler

The algorithms implemented specifically for the present paper are:
e Pollard P -1,

e Pollard Rho,

e Small Prime Trial Division,

e Fermat’s Factoring Method,

e Special case Fibonacci factoring algorithms,

e Multiple Polynomial Quadratic Sieve (we experimented with publicly
available implementations, as well as our own; the former proved to
be more efficient).

The algorithms imported from the LiDIA library are:
e FElliptical Curves Method
e Multiple Polynomial Quadratic Sieve.

The algorithms imported from the Gnu Multiple Precision Integer library
are:

e Fermat’s Probable Prime Test

e Fuclid’s Extended Greatest Common Divisor Algorithm.

8 Future Work

There are many questions I have that are left unanswered by this research:

1. The larger Tribonacci numbers seem to have a large number of large
prime factors. While this could be explained by random chance, it is
rather perplexing.

2. Investigate and implement the Number Field Sieve factoring algo-
rithm.
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A Tables of Factorizations

See the supplement that accompanies this paper for the actual factorizations.

B Properties Discovered

During the course of analyzing the factorization tables of the Tribonacci
numbers, several interesting patterns were noticed. We spent a considerable
amount of time looking for properties that would aid in the factorization of
Tribonacci numbers (in short, we were searching for a multiplicative struc-
ture like the one in the Fibonacci’s), but this effort to date has been of no
help in this regard!.

We present a list of properties of Tribonacci numbers with proofs:

Tk = Tn—2Tk + Tn1(Ti—1 + T) + TnTeq1,
Tove = Tn1Te +Te1Tn — TnTk + Tn—1Tk-1,
Ton = 2T3Tny1 — T3 + Ty,
Ton = Topy— (Tnr —Tn)* +To_y,
Ton-1 = 2Tn_1Th—2+Tp + Ty,

k
T, = (1/25)° ( I; >Tn+k—4ja

=0
ST, = (Tn+Tny2—1)/2.
=0

B.1 Proofs

Lemma B.1.1 T} =T, 2T, + 151 (Tg—1 + Tk) + TnTey1-

Proof (by Dr. Dan Cass). Let M be the matrix generating a shift of a
Tribonacci sequence, so that when M left-multiplies a column vector (a, b, c)?
the result should be (b,¢,a + b+ c)*. Then,

M=

=0 O
—_ O
_—_

141 would like to provide special thanks to Dr. Dan Cass and Dr. Peter Anderson for
their contributions in helping discover these properties.
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Now let T, be the nt* Tribonacci number; one can then show via in-
duction that using the Tribonacci recurrence that we have the following
expression for the matrix power M*:

Te—2 (Th-3+Tp—2) Tr—1
MF=| Ty (To-2+Ti-1) T
Te (To-1+Tk) Tinr

Since M generates a shift on Ty, itself we have

Th—2 Thotk
M k Th = | To-1+k
Ty Tn+k

So Ty is obtained by using row 3 of M* and the column vector on the
left of the above:

Tk = Tn—2Tk + Tn-1(Tk-1 + Tk) + TnTh+1 (18)
Lemma B.1.2 T,y = T 11Tk + Tie1 T — Tk + Tr—1Th—1-
Proof. From lemma B.1.1 we know that

Trak = Tn—oTk + Tn-1(Tk—1 + Tk) + TnTk+1,
now replace Tx4+1 with T + T—1 + Tk—_2,

Ttk = Tn—2Tk + Tn-1(Th—1 + Ti) + Tn(Tk + Tp—1 + Tk—2),
= Tp(Tn + Tn-1+Tn-2) + Tn-1Tk-1 + Tn(Tk-1 + Ti-2)
= TpTnt1 + Tno1Tk—1 + Tn(Tiv1 — Tk)
= Tn1Te + Tpp1Tn — TnTx + Tn-1Tk—1

Lemma B.1.3 Ty, = 2T, 11 — T2 + T2_;.
Proof. Express Ts, as Ty, +n and apply lemma B.1.1:

Toin = Tn-oTp+ Tno1(Tn1+Tn) + TnToi1,

(Tnt1 — Tn — Tn-1)Tn + Tp—1 + TnTo-1 + TnTny1,
2T 1T — T2 — T 1T + T2 + TnTn-1,
W1 Ty — T2+ T2_,.
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Lemma B.1.4 Ton, = T2, — (Tpt1 — Tn)? + T2_,.

Proof. Express Ty, as T,4r, and apply lemma B.1.2 to get the result.
Lemma B.1.5 Ty, 1 = 2T, 1T, 2o+ T2 + T2 ;.

Proof. Express To,—1 as Tp4(n—1) and apply lemma B.1.1:

Tn-l-—(n—l) = TpoTpa+ Tn—l(Tn—2 + Tn—l) + Ty,
= 2T, 0Ty 1 +T2 | +T2.

Lemma B.1.6 3> (T; = (Tn + Tpy2 — 1)/2, n > 3.

Proof. The reader can easily verify this is true for n = 3. Assume

n

> T = (T + Tnyz — 1)/2, for some n > 3.
=0

Now look at the sum over the first n + 1 elements,

n+1 n
YT = Tan+) T
=0 =0

To1 + (T + Trq2 — 1)/2,
= (2Tn41 +Tn + Tny2 — 1)/2,
= (Th41+ T2 + T +Tn) — 1)/2,
= (Tn+1 +Tnys — 1)/2

Lemma B.1.7 T, = (1/2’9)2?:0 (f) Tn+k—4j; for all k > 1.

Proof. We shall prove this lemma by induction. The base case (k = 1).
T, = (Tn—3 + Tn+1)/21

is immediately obvious. Now suppose
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Observe that the base case gives us the following,

Tnik—a5 = (Tnyk—aj—3 + Tnik—gj41)/2.
Substituting the above expression we get

k

T, = (1/25t) Z( ) Tnik—a1j-3 + Tnyk—aj41)
j=0

k
k
2k+1 Z( ) n+k—45—3 + Z(j) n4-k—4541

=0

()

=0

k+1< k )
j— n+k—45+1

k+1 =k k
2T, = i1 Ttk 4J+1+Z j Tntk—aj+1

j=1 7=0

Now we replace

o,

with

.
—

to get

Rewriting the summations so that we have the same bounds for each we get,

k
okl — (O) n+k+1+z< ) n+k—4j+1
(K k
+ Z (J) Tnik—aj+1 + (k) Totk—a(k+1)+1-
Jj=1
k1l _ [ K
2T, = 0 Thik+1

(( ) + (?))Tn+k—4j+1

) Tt k—a(k+1)+1-

L)

I

R

LNy

| =
—_

+
M-

+
N
ElN
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Now we get a bit clever and notice that we can make the following substi-

tutions in the equation above:
k kE+1
0 0 ’

(o) - (:20)
and arrive at <"ﬁl) " (f) = (’“jl)

k+1 * (& +1 k+1
2T, = ( 0 ) ntk+1 + ( Z( ) ntk—aj+1) + <k+1 Tt k—a(k+1)+1

which is the same as

k41
kE+1
2P, = ( . ) Trthdgt1-
= J
7=0

Indeed, this proves the lemma.

The following lemmas can be easily proven using the above results, specif-
ically lemma B.1.3 and lemma B.1.5; the proofs are little more than exercises
in algebraic manipulation.

Lemma B.1.8 If T;, = a%b; and T,_1 = a® by, then Ty = a®bs and
Tok—1= aa_1b4,‘v’k > 1.

Lemma B.1.9 Suppose n = 2bw, where w is odd and k > 3. Then T,, =
2k=1C where C is odd.

While lemma B.1.8 and lemma B.1.9 could potentially aid in the fac-
torization of Tribonacci numbers, it is an unfortunate truth that the only
factors that follow this pattern are small.

An interesting property of the Tribonacci numbers we discovered (al-

though again, nearly useless in terms of factorization) is,
2n—1 | TQn,

and,
2" | T2'"'—17

for some constants C'1 and C2. This results follow directly from lem-
mas B.1.8 and B.1.9.
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1 Fibonacci Number Factorizations

Uz = [2]

Us =[3]

Us = [5]

Us = [2%]
Uz =[13]
Ug =[3,7]
Ug =[2,17]
Uio = [5.11]
Un1 = [89]

Uiz =[24,3%]
Uiz = [233]

Uiq = [13,29]
Uis = [2.5,61]
Uie = [3.7.47]
Uyr = [1597]

Uig = [23,17,19]
Uje = [37,113]
Uap = [3,5,11, 41]
Uy = [2.13,421]
Uzs = [89,199]
Uaz = [28657]
Upg =[25,2%,7,23

Uzs =[5

[2,17. 53, 109]

o}
N
A1

Il

Uag = [3. 13, 29.281]
Uag = [514229]

Usg = [2%.5.,11.31,61]
Uz = [557,2417]

Usa = [3,7,47, 2207]
= [2,89, 19801]
Usq = [1597, 3571]

Uszs = [5,13. 141961]
Uszs = [2%,3%.17,19,107)
Uszy = [73, 149, 2221]
Uszg = [37, 113, 9349]

Usg = [2,233, 135721]



Ugo = [3,5.7.11,41, 2161]
Ugy = [2789, 59369)]

Ugn = [23,13,29.211,421]
Uss = [433494437]

Uss = [3,43, 89, 199, 307]
Uas = [2,5, 17, 61.109441]
Uss = [139, 461, 28657)
Usr = [2971215073)

Usg = [25,3°

.7.23,47.1103)
Usg = [13. 97, 6168709]

Use = [52.11.101.151. 3001]
Us1 = [2.1597. 6376021]

Uso = [3.233, 521. 90481]

li53 = [953, 55945741]

Uss = [2%,17.19.53. 109. 5779]
Uss = [5. 89, 661. 474541]

Use = [3-7%,13, 29, 281, 14503]
Us; = [2.37,113.797, 54833]

Usg = [59, 19489, 514229)
Usg = [353, 2710260697)

Uego = [2%.3%,5,11,31,41.61.2521]

557.2417,3010349]

o]
@
it

i

[2,13, 17, 421, 35239681]

=

o

4

i

[3.7,47.1087.2207. 11&1]

,..
o)

@

Y
i

Ugs = [5.233. 14736206161]

[23. 89.199. 9901, 19%01]

-~
o
&

i

Ugr = [269. 116849. 1429913)
Ugs = [3.67, 1597.3571. 63113]
Uigo = [2. 137, 829. 18077 28657]

5.11.13,29.71.911. 141961]

,..
a
1

Uiy = [6673,46165371073]

[23.33.7,17.19. 23. 107. 103681]

~

-t

[N
i

U3 = [9375829, 86020717)

U4 = [73.149, 2221, 54018521)
U75 = [2, 5%, 61, 3001. 230686501]
Urs = [3.37, 113. 9349, 29134601]
Us7 = [13.89,988681, 4832521)

Usg = [23, 79,233,521, 859, 135721]



Uzg = [157, 92180471494753]

Ugg = [3,5.7, 11, 41, 47, 1601, 2161, 3041]
Usy = [2,17, 53, 109, 2269, 4373, 19441]

Ugs = [2789, 59369, 370248451]

Uss = [99194853094755497]

Usq = [2%,32,13, 29, 83, 211, 281, 421, 1427]
Ugs = [5,1597, 9521, 3415914041]

Usg = [6709, 144481, 433494437]

Ugr = [2,173, 514229, 3821263937)

Uss = [3.7, 43,89, 199, 263, 307, 881, 967)
U'se = [1069, 1665088321800481]

Ugg = [23,5,11,17,19, 31, 61, 181, 541, 109441]
Ugy = [132, 233, 741469, 159607993]

Ugn = [3,139. 461, 4969, 28657, 275449]

Ugs = [2.557, 2417, 4531100550901]

Ugq = [2971215073, 6643838879]

Ugs = [5, 37,113, 761, 29641, 67735001]

2

Ugs = [27, 32, 7,23, 47, 769, 1103, 2207, 3167]
Ug7 = [193, 389, 3084989, 361040209)

Ugg = [13, 29, 97, 6168709, 599786069)

Ugg = [2,17, 89,197, 19801, 18546805133]

Uygo = [3.52.11,41.101, 151, 401, 3001, 570601]
U101 = [743519377, 770857978613]

Uyg2 = [23. 919, 1597, 3469, 3571, 6376021]

U103 = [519121, 5644193, 512119709]

Ujosa = [3.7.103, 233, 521, 90481, 102193207)
Uios = [2.5.13,61,121, 141961, 8288823181]
U106 = [953. 55945741, 119218851371)

Ujor = [1247833, 8242065050061761)

U108 = [29,3%,17, 19, 53,107, 109, 5779, 11128427]
Ujo9 = [827728777, 32529675488417)

U110 = [5. 117,89, 199. 331, 661, 39161, 474541]
Uiy = [2, 73,149, 2221, 1459000305513721]
Uy = [3.7%, 13, 29, 47,281, 14503, 10745088481]
U113 = [677.272602401466814027129)

Uy = [23,37.113, 229, 797, 9349, 54833, 95419]
U115 = [5.1381, 28657, 2441738887963981]

Ui1s = [3.59. 347, 19489, 514229, 1270083883]

Uq17 =1[2.17,233,29717, 135721, 39589685693]



Uing
Uizs
Uizg
Uyar
Uiag
Uisg
Uizo
Uiz
Uiga
Uiss
Uizy
Uiss
Uize
Uia7
Uizs
Uizg
U140
U141
Uq42
Uiss
Uiag
Uigs
Uisg
Uiay
Ui
Ui49
Uiso
Uis1
Uisz
Uis3
Uisa
Uiss

Uise

= [353, 709, 8969, 336419, 2710260697]
= [13, 1597, 1595129398 15855788121]
=[2°,3%,5,7,11,23, 31,41, 61, 241, 2161, 2521, 20641]

= [89, 97415813466381445596089]

o = [4513, 555003497, 5600748293801]

= [2, 2789, 59369, 68541957733949701]

= [3,557, 2417, 3010349, 3020733700601]

= [5%, 3001, 158414167964045700001]

= [23,13,17, 19,29, 211, 421, 1009, 31249, 35239681]
= [27941. 5568053048227732210073]

=[3,7,47, 127, 1087, 2207, 4481, 18681 2208641]

= [2,257, 5417, 8513, 39639893, 133494437)

=[5, 11, 131, 233, 521, 2081, 24571, 14736206161]

= [1066340417491710595814572169]

= [24, 32, 43, 89. 199, 307. 9901, 19801, 261399601]
= [13, 37, 113, 3457, 42293, 351301301942501]

= [269, 4021, 116849, 1429913, 24994 118449]
=[2,5,17, 53,61, 109. 109441, 1114769951367361]
=[3,7, 67,1597, 3571. 63443, 23230657239121]

= [19134702400093278081449423917]

= [2%, 137, 139, 461, 691, 829. 18077, 28657. 1185571]
= [277, 2114537501, 85526722937689003)

=[3,5,11, 13,29.41, 71,281,911, 141961, 12317523121]
= [2, 108289, 1435097. 142017737, 2971215073)

= [6673, 46165371073, 6RR&46502588394)

= [89, 233, 8581, 1920584 153756&50496621]
=[26,3%,7,17, 19, 23,47, 107. 1103, 103681, 10749957121]
=[5, 514229, 349619996930737079890201]

= [151549, 9375829, 86020717, 11899937029)

= [2, 13, 97. 293, 421, 3529, 6168709, 347502052673]
= [3, 73, 149, 2221, 11987, 54018521, 81143.177963)
= [110557, 162709, 4000949, R5607646594577)
=[2%,52,11,31,61. 101, 151, 3001, 12301, 18451, 230686501]
= [5737, 281 166662452581 1646469915877]

= [3, 7,37, 113, 9349, 20134601, 1091346346980401]
=[2,17%,1597, 6376021, 717532311495056-1593]

= [13, 29, 89, 199, 229769, 988681, 4832521, 9321929)]
= [5,557,2417, 21701, 12370533881, 61182778621]

= [24, 32,79, 233, 521, 859, 90481, 135721, 12280217041]



Usy = [313, 11617, 7636481, 10424204306491346737]

Uisg = [157,92180471494753, 32361122672259149)

Ursg = 2,317,953, 55945741, 97639037, 229602768949]

Urgo = [3.5,7,11, 41, 47, 1601, 2161, 2207, 3041, 2372514562656 1]
Ure1 = (13,8693, 28657, 612606107755058997065597]

Uiez = (25,17, 19, 53, 109, 2269. 3079, 4373, 5779, 19441, 62650261]
Urga = [977, 4892609, 333655193093, 32566223208133]

Uygs = [3,163. 2789, 59369, 800483, 350207569, 370248451]

Uies = [2.5.61, 89,661, 19801, 86461. 474541, 518101, 900241]
Ures = [35761381, 6202401259, 99194853094755497]

Urer = (18104700793, 1966344318693315608565721]

Urgs = (2°.32, 72,13, 23,20, 83. 167. 211. 281, 421, 1427. 14503, 65740583]
Uyee = (233,337, 89909, 104600155609, 126213229732669]

U170 = [5.11, 1597. 3571, 9521. 1158551, 12760031, 3415914041]
Ur71 = (2. 17,37, 113. 797, 6%41. 51833, 5711461 7G0879844361]
Urra = [3.6709, 144481, 133494137, 31319571 151G578281]

Uz = (1639343785721, 38967R749007629271532733]

Upsq = (23,59, 173. 349, 19489, 511229, 017104099, 3821263937]

U195 = [52. 13,701.3001,.141961. 17231203730201 189:308301]

Ur7e = (3.7,43,47,89.199. 263. 307. 8R1. 967. 93058211, 562418561]

Uypyr = (2.353,2191261. 805134061, 129702761, 2710260697)]

Uyprs = (179, 1069, 1665088321 R004K1. 222355026G40983369]

Uire = (21481, 156089, 341&81664090389%929534613769]

Ujgo = (27.3%,5, 11,17.19,31, 41,61, 107. 181, 511, 2521, 109441, 10783342081]

Urg1 = [BOK9. 422453, K1 THTRY23T23R517571551-161043]

Upga = (132,209,233, 521, 741469, 159607993, GROGGT1519T0161]
U183 = [2. 10697, 4513, 555003497, 1129731797 197575 TRN0K33)
Ugsa = (3.7.139. 461, 4969, 28657, 253367, 275119, 506372 193K63]

Uygs = (5. 73, 149, 2221. 1702945513191 306556907097G1K8161]

Uixg = [23. 557, 2417, 63799, 3010319, 35510749, 1531100550901]
U1y = [89. 373, 1597, 101H780730596:313-10991050349170:7)

Uyas = [3. 563, 5641. 2971215073, GGA3KR3%KTY, 46G32891751907)

Uyxo = (213,17, 53, 109, 121, 380333, 35239681, 955921950316736037)

5.11.37, 113, 191, TG1. 9349, 29611, 1161 1. GT7T35001. X7:3%2901]

Uigo =
U191 = [4R70723671312, THTXI0ROG2HGARD 1 2RIBHOTHTIN]

2

Ugga = [2%. 32,7, 23, 17. 769. 1087. 1103. 2207 3167. 1181, 1 1XG257521K703]
U9z = [9465278929. 1020930432032426933976826008197)

U1pa = [193. 389, 3299, 30%4989. 31040209, 5GGTR557502141579]

U195 = (2.5, 61,233, 135721, 14736200161, K&999250837499K77641]



Uygs = (3,13, 29,97, 281, 5881, 6168709, 599786069, 61025309469041]

Uygr = [15761, 25795969, 227150265697, 717185107125886549)

Uygg = [‘23, 17,19, 89,197, 199, 991, 2179, 9901, 19801, 1513909, 18546805133]
U199 = [397, 436782169201002048261171378550055269633]

Usgo = {3, 527,11, 41,101,151, 401, 2161, 3001, 570601, 9125201, 5738108801]
Uagy = [2. 269, 116849, 1429913, 5050260704396247169315999021]

Usgo = [809, 7879, 743519377, 770857978613, 201062946718741]

Uaoz = (13,1217, 514229, 56470541, 2586982700656733994659533]

Uggq = [‘24, 32,67, 409,919, 1597, 3469, 3571, 63443, 6376021, 66265118449)
Usqs = (5,821, 2789, 59369, 125598581, 3641%117857891321536401]

Us06 = [619.1031, 519121, 5644193, 512119709, 5257480026438961]

Usg7 = {2,17, 137,829, 18077, 28657, 4072353155773627601222196481]

Useg = [3,7,47, 103, 233, 521, 3329, 90481, 102193207, 106513889, 325759201]
Uagg = [37, 89, 113, 57314120955051297736679165379998262001]

Uay0 = [‘23, 5,11,13,29,31,61,71.211,421.911, 21211, 141961, 767131, 8288823481]

[22504837, 38490147, 800a972xK81, 8041754238584.19593021])

Uan1

Us

2 = [3,953, 1483, 2969, 55945741, 1192 {Xs51371, 1076012367720403]

—

Uo1z = {2,1277, 6673. 46165371073. 185790722054921374395775013]

Ua14 = 1247833, 8242065050061761, 47927441, 179836483312919]

lia1s = [5, 433494437, 2607553541, 67712817361580804952011621]

Uatg = [2°,3%, 7,17, 19, 23, 53, 107. 109, 5779, 6263, 103681, 11128427, 177962167367]
U217 = [13. 433, 557. 2417, 44269, 217221773, 2191 TAR() . 6274653314021]

Ua1g = [128621, TR8OT L. 82772RTTT. 3252967548K417. 5393985111211]

Ua19 = (2, 123953, 9375829, 86020717, 4139537, 3169251245945843761]

Uanp = [3.5. 17,41, 43, 89, 199. 307. 33 1. GGl 39161, AT-15.11. 5O96854928656801]
Uany = [233. 1597, 203572412497, HOBHTIORTLX02-16:15320392940 193]

Unno = [23, 73. 149, 2221, 4441, LIGA21. 1121101, 54018521, 1-159000305513721]

["00z = [4013. 108377, 25153419, 1643--1G100-16:1 101 3%=006 [ 56070813]

U904 = [3.7°.13, 29, 47, 223, 281, 119, 2207, 11503, 107450K&481. 1154149773784223]

2, 17, 61, 3001, 109411, 23068G501, 1 LOX16619820509577053616001]

o

Uaas = [2.
{'nog = [677. 2726024014668 14027 129, 41 26T0127%11921037170771]

Uaor = [23609. 5219534 13TOR3025 IH00TRXATLLBGI9-I6T285727377)

= {27,537, 37, 113, 227, 22, 797 9309, 26 119, 51833, 95019, 2013-1601, 212067587]
U990y = [457. 2749, 40187201, 1326054-1M01. 1783 1560207(2036 1 TORG53]

=[5, 11, 139, 461, L 151, I3R1. SOK1, 25657, 320301, 6R655 1. 2-LLITBRERTI63981]
Usgy = (2. 13,89, 421, 1OKO 1, 9XRGXL, INS252 1. DIGA25D00 1T IR 150235 18&101]

Usags = [3, 7,59, 347, 194K9, 2002K1, 511229, 12700K3%%3. ¥3-1 12511 0%79506721]

{7333 = [139801, 25047390419633. G31AX40XI5:3,03 1 MIGFTRIAIT L]

Uaggq = [23, 17.19, 79, 233, 521, 859, 2071 7. 135721, I5RIGRLGOS. 1052645985555841]



Ua3s = [5,2971215073, 389678426275593986752662955603693114561]

Uaze = [3, 353, 709, 8969, 336419, 15247723, 2710260697, 100049587197598387]

Uszy =[2,157, 1668481, 40762577, 92180471494753, 7698999052751136773]

Uazg =[13, 29, 239, 1597, 3571, 10711, 27932732439809, 159512939815855788121]

Usgzg = [10037, 62141, 2228536579597318057, 28546908862296149233369]

Usa0.= [25, 32, 5,7,11,23,31.41.47, 61,241, 1103, 1601, 2161, 2521, 3041, 20641, 23735900452321]
Usg1 = [11042621, 7005329677, 1342874859289644763267952824739273]

Usgo = [89.199, 97415813466381445596089, 97420733208491869044199]

Usg3z = [2,17, 53, 109, 2269, 4373, 194.11. 148607550257, 16000411124306403070561]

Ussgg = [3,4513, 19763, 21201929, 555003-197, 5600748293801, 24848660119363)

Usqs = [5,13, 97, 141961, 6168709 1284955073:114024460192651484843195641]

Uags = [23. 2789, 59369, 4767481, 370218151 7188487771, 68541957733949701]

Uogr = [37. 113, 233, 40910073861 7. 4677306043367904676926312147328153)

Usogg = [3, 7. 557, 743, 2417, 167729 3010319, 3020733700601 . 33758740830460183]

Usag = [2,1033043205255409, 9 O-I8H3001 755197, 23812215284009787769)

Uiage = [53.11, 101. 151.251. 3001. 112125001, 28113378001, 158414167964045700001]

Usg, = [582416774750273, 210370K05211165 1220261 87124199656961913)

Usso = [21. 33, 13,17, 19, 20, 83, 107, 21 1. 251,121, 1008, 1.127. 31249, 1461601, 35239681, 764940961]
Ussz = [89. 28657. 113221143061, 220122%2306 115K, 1378197303338047612061]

Ussg = [509, 5081. 27941, IRTGST. 13822081, 112512401 5568053048227732210073]

Usags = [2.5. 61, 1597, 1521, 6376021. 3115011011, 207TRG1-1396941, 20862774425341]

Usge = [3.7.47. 127, 1087, 2207, LIN]. 11DONMEL ISGR 12208611, 169%167634523379875583]

Uggy = [3653, 3297 1NTRGT1G15105615521. 12300267217 19313171360714649]

Uagg = [23 257, 5417, 6709, K513, 1111R1. 308311, 30630803, 133494437, 761882591401]

Uogo = [12. 73, 1120 1553, 22211016567 73778, 30 112667122557 19851 18799223649]

Uogo = [3. . 11,110 131, 233, 521, 2080 5 21 2155 1. DOARLL 11736206161, 42426476041450801]
oy = [2. 17, 173, 2080, 20357, 36017, 100003, 3220573, 51422 3821263137, 6857029027549]
Uage = [10:420, d1IOSKGIRIG] 517735262000 | JOGG310 11512 7105058 1:1572169)

Uggz = [1733, 93620, 1128362206 L3001 1235201 2 (s 1-1256G6-16:3081300281]

B a2 v a3 gm0, DL 2630307, 88167, 5251001, 10801 66529, 152204449, 261399601

Uapq = [
U5 = [5. 953, 152001, 55757 11, 2711214753068 ], 2GR 155168 125120827581]

Uogs = [135. 29, 37, 115, 3157, 03400, 12293, 10011 1217530, 2152058650459, 351301301942501]

Uggy = [2. 1069, 1225=T 1251532080, 16O08KI2 IR00 1X] . G115HRTT3170:3042877309]

Usgs = [3. 269, 4021, G163, 116X110, 1 12PN 3, 240 1] 1KLL, 20101 2169209, 2705622682163)

Uaga = [5381, 251 775182660513, 321 7O LITITRIOGL, 1G360-1308206.18 789853

Uss0 = [23.:'), 11,17, 19,31, 533, G1. 100, 181,271, 511,811, 5377, 12301, 109441, 119611, 1114769954367361]
Ugs1 = [140187076318273. 13026721 2525867121051 7106 150:350.193R058573]

Us7o = [3.7.47, 67. 1597. 357 1. 63.-13. 232306572301 21, 562627 837283211 040137654881]

lig;3 = [2. 122,233, 121, 135721, 640157, 711469, 1506073, 1.183517330313905886515273)



Uaz74 = [541721291, 78982487870939058281, 19134702400093278081449423917]

Ua7s = [52, 89, 661, 3001, 474541, 7239101. 15806979101, 5527278404454199535821801]

Uare = [2%, 32,137,139, 461, 691, 829, 4969, 16561, 18077, 28657, 162563, 275449, 1485571, 1043766587]
Usry = [505471005740691524853293621, 6861121308187330908986328104917]

Uarg = [277, 30859, 2114537501, 85526722937689093, 253279129, 14331800109223159]

Uaze = [2,17,557, 2417, 11717, 4531100550901, 594960058508093, 6279830532252706321]

Usgo = [3,5, 72,11, 13. 29, 41, 71, 281, 911, 2161, 14503, 141961, 12317523121, 118021448662479038881]
Uazgy = [174221, 119468273, 1142059735200417842620494388293215303693455057]

U282 = [22, 108289, 1435097, 2971215073, 79099591, 142017737, 6643838879, 139509555271]

Uzgs = [10753, 825229, 15791401, 444111888848805843163235784298630863264881]

liogs = [3. 283, 569, 6673, 2820403, 9799987, 35537616083, 46165371073, 688846502588399]

U2gs = [2,5, 37, 61,113, 761, 797, 29641, 54833, 67735001, 956734616715046328502480330601]

Usge = [89, 199, 233, 521, 8581, 1957099, 2120119, 1784714380021, 1929584153756850496621]

Usgy = [13, 2789, 59369, 198160071001853267796700692507490184570501064382201]

Usgg = [27,33,7,17,19, 23, 47, 107, 769, 1103, 2207, 3167, 103681, 10749957121, 115561578124838522881]
Uagg = [577, 1597, 1733, 98837, 101232653, 106205194357, 658078658277725444483848541]

Uagg = [5,11,59,19489, 514229, 120196353941, 1322154751061, 349619996930737079890201]

Usg1 = [2.193, 389, 3084989, 361040209, 76674415738094499773, 227993117754975870677]

Usga = [3,29201, 151549, 9375829, 86020717, 11899937029, 37125857850184727260788881]

Usgsz = [64390759997. 118869391634972852522052008064476155238134997314720]

Uggs = [23, 13,29, 97, 211, 293, 421, 3529, 65269, 620929. 6168709, 8844991, 599786069, 347502052673]
Uags = [5.353,1181. 35401, 75521. 160481, 737501, 2710260697, 11209692506253906608469121]

Usgs == [3,7. 73,149, 2221, 11987, 10661921, 54018521, 81143477963, 114087288048701953998401]

Usor = [2,17,53,89. 109, 197, 593, 4157, 19801, 1360418597, 18546805133, 12369243068750242280033]
Uiagg = [110557, 162709. 952111, 4000949, 8560764659577, 4434539, 3263039535803245519]

Uagg = [233, 28657, 205699287 72342752084634853420271392820560402848605171521]

Usgo = [2%.32,5%,11. 31, 41, 61. 101, 151. 401, 601, 2521. 3001, 12301, 18451. 570601, 230686501, 87129547172401]
Usor = [13. 433494437, 6380692745271404734077815684636927%969435365966728521]

U302 = [1511, 5737, 109734721, 217533000184835774779, 2811666624525811646469915877]

Uizgs = [2.743519377. 770857978613, 85502243K9674481, 96049657917279874851369421]

lig04 = [3.7. 37, 47,113, 9349, 29134601. 562766385967, 1091346396980401, 2206456200865197103]

Uzo5 = [5.2441, 4513, 6101, 555003497, 20415253966247698801, 647277670717998240943861]

Usgs = [2%, 172, 19.919. 1597, 3469, 3571, 13159, 6376021, 8293976826829399, 7175323114950564593]
Usor = [613. 9143689, 5307027867738937. 216913841513988014390392583520681471857]

Usos = [3.13. 29, 43. 89, 199, 281, 307, 229769, 988681, 4832521, 9321929, 15252467, 900164950225760603]
Uszgo = [2.617, 318889. 519121, 5644193, 512119709, 32386142297, 883364563627459323040861]
Us1g = [5.11,311, 557. 2417, 21701. 3010349, 12370533881, 20138888651, 61182778621, 823837075741]
Usq1 = [837833, 6872477, 603717553, 12722327040132186089258010295231047801838093]

Usz1o = [27, 32, 7,23, 79. 103, 233, 521, 859, 1249, 90481, 135721, 102193207, 12280217041, 94491842183551489]



Usz13 = [1877, 5009, 7901346123803597, 1558583251423132840655438799726119705876273)

Usz14 = [313,11617, 7636481, 10424204306491346737, 39980051, 16188856575286517818849171}

U3z1s = [2,5,13,17,61, 421, 109441, 141961, 9761221, 35239681, 8288823481, 120570028745492370271501}

Usz16 = [3, 157, 21803, 5924683, 14629892449, 184715524801, 92180471494753, 32361122672259149}

Uz17 = [1307309, 50354633016533380504238521909, 12055334654946982453464994276837)

Uz18 = [23. 317,953, 785461, 55945741, 97639037, 119218851371, 229602768949, 4523819299182451}

Uz19 = [89,1913, 514229, 578029, 1435522969, 1535414556003613, 18626243184683463348283529)

Uzao = [3.5.7.11, 41, 47, 641, 1087, 1601, 2161, 2207, 3041, 4481, 23725145626561, 878132240443974874201601]
Uza1 =[2.1247833, 8242065050061761, 264438702655226193752458581121055151414928921)

Uzaa = [13,29,139. 461, 1289, 8693, 28657, 1917511, 965840862268529759, 612606107755058997065597]

Uzaz = [37.113.1597, 1109581873, 85542646443577, 22469617515216274972459349854327642081)

Ugay = [..4, 3%,17,19, 53, 107, 109, 2269, 3079, 4373, 5779, 19441, 11128427, 62650261, 1828620361, 6782976947987}
U3zas = [52. 233, 1301, 3001, 4235401, 605416501, 880262501, 14736206161, 49284706967787569058301}

Uzae = [977, 1043201, 4892609, 33365519393, 6601501, 32566223208133, 1686454671192230445929)

Uszay = [2,653, 827728777, 32529675488417, 1746181, 1589546141427272679433846364366380457}

Uszag = [3, 7,163, 2789, 59369, 800483. 350207569, 370248451, 2684571411430027028247905903965201}

Uszag = [13,1973. 26321, 2971215073, 127391874411097592672469891375644477141948573020237)

Us3zp = [23, 5,11%, 31, 61, 89. 199, 331, 661, 9901, 19801, 39161, 86461, 474541, 518101, 900241, 51164521, 1550853481}
Uszz1 = [29129, 22966686648632120276391228028485200841318497622533370591664502461}

Uszza = [3, 35761381, 6202401259, 6464041, 245329617161, 10341247759646081, 99194853094755497}

Usszz = [2,17, 73, 149, 2221. 12653, 124134848933957, 1459000305513721, 930507731557590226767593761}

U3zzq = [766531. 18104700793, 1966344318693345608565721, 103849927693584542320127327909)

U3z3s = [5.269, 116849, 1429913, 20404106545895102906154128520186891133003217651144766361}

Uzzs = [26. 32,72 13, 23,29. 47,83, 167, 211, 281, 421, 1103, 1427, 14503, 65740583, 10745088481, 115613939510481515041}
Uszy = [673,15229266824729. 1171266446222833267851409604104331211834067048447153001}

Uzzg = [233, 337. 521, 89909, 104600155609, 126213229732669, 596107814364089, 671040394220849329)

Usgzg = [2.677. 149161, 258317, 272602401466514027129, 2209878650579776888742215348691420033}

Uszgp = [3,5,11.41,67,1361. 1597, 3571, 9521. 10801, 63443. 1158551, 12760031, 3415914041, 11614654211954032961}

Uszgy = [89, 557, 2417, 761227665342913, 197907695243868721. 4558282384863830955384586674337)

Uzga = [23. 17,192, 37, 113. 229, 797, 6841, 9349, 54833, 95419, 162451, 1617661, 7038398989, 5741461760879844361)
Uszgz = [13, 97, 46649, 6165709, 5449038756620509, 10894-1170944009875978306751482234414702393)

Uszqg = [3,7, 6709, 144481. 433494437, 313195711516578281, 126117711915911646784404045944033521}

Uszas = [2, 5,61, 137,829, 13x1, 18077. 28657, 186301, 2441738887963981, 25013864044961447973152814604981}
Usge = [78889, 1639343785721, 3896 7R749007629271532733, 6248069. 16923049609, 171246170261359)

Uszg7 = [324097, 1434497, 3315860598013, 34201673799023762317333, 27752129035785622184033593)

Uzsg = [24. 32,59, 173, 347, 349, 19489, 97787, 514229, 947104099, 3821263937, 528295667, 1270083883, 5639710969}

Usso = [1358309, 2663569, 27520930737677877058673, 38821811608439215392813985660473247253)
Uzso = [52. 11, 13,29, 71, 101, 151, 701, 911, 3001, 54601, 141961, 560701, 7517651, 51636551, 17231203730201189308301}

Ussr = [2, 17, 53,109, 233, 29717, 135721, 2623373, 8023861, 39589685693, 65790321679740490371744098034257)
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Ussa = [3.7, 43, 47, 89, 199, 263, 307, 881, 967, 1409, 2207, 93058241, 562418561, 6086461133983, 319702847642258783]
Usgss = [736357, 35980201101257391549860360923563262525974949247991832187257385201689]

Uzgg = [23, 353, 709, 8969, 336419, 2191261, 805134061, 1297027681, 2710260697, 10884439, 105117617351706859]
Uszss = [5,4261, 6673, 75309701, 309273161, 46165371073, 9207609261398081, 49279722643391864192801]

Uase = [3.179, 1069, 1665088321800481, 22235502640988369, 5280544535667472291277149119296546201]

Uasy = [2.13,421, 1429, 1597, 258469, 6376021, 159512939815855788121, 27653866239836258463881623092961]
Uass = [359, 21481, 156089, 1066737847220321, 66932254279484647441, 3418816640903898929534613769]

Ugsg = [4175420437734698220747368027166749382927701417016557193662268716376935476241]

Uagp = [25, 3%.5,7,11,17, 19, 23, 31, 41,61,107, 181, 241, 541, 2161, 2521, 8641, 20641, 103681, 109441, 10783342081, 13373763765986881]
Uge1 = [37,113, 6567762529, 1196762644057, 3150927827816930878141597, 12020126510714734783009241]

Uszgz = [8689,97379. 422453, 21373261504197751, 32242356485644069, 8175789237238547574551461093]

U3g3 = [2. 89, 19801. 97415813466381445596089, 9490559604335963796081847699035385001836615801]

Uags = [3. 132, 29. 233, 281, 521, 90481, 232961, 741469, 159607993, 689667151970161, 6110578634294886534808481]

Uaes = [5.210241, 9375829, 86020717, 27583781, 758275080626801, 481086261779233475625991833542941]

Uzgs = [23, 1097, 4513, 555003497, 14297347971975757800833, 14686239709, 5600748293801, 533975715909289]

Uagr = [733.17969789, 75991753, 5648966761, 43397676601, 114150315493, 797357235624701499134444201]

Uzes = [3.7,47,139, 367, 461, 4969, 28657, 253367, 275449, 9506372193863, 37309023160481, 441720958100381917103]

Uigeg = [2.17.2789.8117, 59369, 199261. 84738793193, 9382599520669, 68541957733949701, 117838518633351469]

Ugyp = [5.11, 73, 149. 2221, 54018521, 265272771839851, 2918000731816531, 1702945513191305556907097618161]

Usy; = [13,953,207017, 55945741, 1066891454330692360911118469915492770211286402568532457966113]

Ugya = [24, 32,557, 2417, 63799, 3010349, 35510749. 15917507, 3020733700601, 4531100550901, 859886421593527043]

Usys = [2237,9697, 371509, 20580649, 2416423364226955152383303968756154137928463542120118369457]

Uzyq = [R9. 199, 373.1597. 1871, 3571, 905674234408506526265097390431, 10157807305963434099105034917037]

Ugvs = [2. 53,61, 3001, 9001, 169501, 230686501, 41510105455501, 9906293406944653501, 158414167964045700001]

Ua7s = [3. 7,563, 5641. 18049, 100769, 2971215073, 6643838879, 4632894751907, 153037630649666194962091443041]

U377 = [233,514229. 104264251753, 361575655741, 608146585315567981670893199985449202015060094237]

Uz7s = ['.’.3, 13,17.19.29,53,109, 211,379, 421, 1009, 5779, 31249, 38933, 85429, 912871, 35239681, 955921950316735037, 1258740001]
U39 = [757, 11889989, 642738983137, 1243136101631663129079979782427254735474816905340504524221]

Uiago = [3.5.11,37.41.113,191, 761, 2281, 4561, 9349, 29641. 411611, 67735001, 87382901, 29134601, 782747561, 174795553490801]
U3g) = [2.27941. 18995897, 5568053048227732210073, 3185450213669826966828420712039093359617657693]

Uzga = [22921. 4870723671313, 757810806256989128439975793, 395586472506832921, 910257559954057439]
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2 Lucas Number Factorizations

V3 =[27]

Va =[7]

Vs = [11]
Ve = (2,37]
Ve = [29]

Vg = [47]
1y =[22,19]
Vig = (3, 41]
Vi1 = {199]

Vig =(2,7.23]

Vig = [521]

Via = [3,281]

Vis = 22,11, 31]
Vig = [2207]

Vir = [3571]

Vig = [2,3%,107]
Vip = [9349]

Vap = [7, 2161]

Va1 = [22, 29, 211]
Vas = (3,43, 307]
Vag = (139, 461]

Vaq = (2,47, 1103]
Vo5 = [11,101.151]
Vag = (3, 90481]

Var = [22,19,5779]
Vag = (72, 14502]
Vag = [59. 19489]

Vag = [2.22, 41, 2521]
Va3 = [3010349]

Va2 = (1087, 4481]
V33 = (22, 199,9901]
Vaq = [2, 67, 63443]
Vas = (11,29, 71,911]
Vig = [2, 7. 23, 103681]
Va7 = [54018521]

Vag = [3,29134601]

Vao = (22,79, 521, 859]
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Vg0 = [47, 1601, 3041)

V41 = [370248451)

Vao = (2,32, 83,281, 1427]
V43 = [6709, 144481)

Vyy = (7,263, 881,967)

Vgs = [27,11, 19, 31, 181, 541)
Vs = [3. 1969, 275449)

Vi7 = [6643838879)

Vi = [2, 769, 2207, 3167)
Vag = [29, 599756069)

V50 = [3, 41, 401, 570601)
Vi1 = (27,919, 3469. 3571)
Ve = (7,103, 102193207)
V53 = [119218851371]

Ve = [2.3%.107, 11128427)
Vss = [112.199. 331, 29161]

156 = [47. 107450x8481]

™

229, 9349, 95419)

Vsg = [3. 347, 1270083883)

Vsg = [709, 8969, 336419)

Voo = [2. 7. 23, 241. 2161, 20641)
1s) = [5600748293%01)

152 = [3.3020733700601]

Va3 = [22,19, 29,211, 1009. 31249]
Voq = [127. 18681220864 1)

Vg5 = [11,131. 521, 2081, 21571]
Vae = [2.32,43.307. 261390601)
Vgr = [4021, 2490 1) 1%449]

Vi = [7. 23230657239121)

Veg = 22,139, 461. 691, 14%3571)

[3.41. 281, 12317523121)

-

<t

=]
Il

17) = [6RE&1G502788309)

[2.47.1103. 10749057121])

3 = [151549. 11&99937021]

74 = [3. 11987, 81 1.13177963)

Vis = [22.11.31.101. 151, 12301, 18451]
Vi = [7, 1091346306950401)

Ve = [29, 199, 220764, 9321924)]

Vig = [2,3%, 90481, 12280217041]
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Voo = [32361122672259149)

Vgo = [2207, 23725145626561)

Vg1 = (22,19, 3079, 5779, 62650261)
Vg2 = [3, 163, 800483, 350207569)

Va3 = [35761381, 6202401259]

Vea = [2, 77, 23, 167, 14503, 65740583
Vgs = [11,3571, 1158551, 12760031]
Vas = [3,313195711516578281)

Ver = [22, 59, 349, 19489, 947104099)
Vgg = [47, 93058241, 562418561]

Va9 = [179, 22235502640988369)

Voo = [2.3%,41, 107, 2521. 10783342081)
V91 = [29, 521, 689667151970161]

Voo = [7, 253367, 9506372193863)

Voa = [22, 63799, 3010349, 35510749)
Vg4 = [3, 563, 5641, 4632894751907)
Vgs = [11, 191, 9349, 41611, 87382901)
Vg = [2, 1087, 4481, 11862575248703)
Vo7 = [3299, 56678557502141579)

Vog = [3, 281, 5881, 61025309469041]
Voo = [22,19, 199,991, 2179, 9901, 1513904)
Vipo = [7. 2161, 9125201, 5738108R01]
V01 = [809, 7879, 2010629467 15741)

Vigo = [2,32.67. 409, 63443. 662651 1x%149)

1303 = [619.1031. 5257-180026-1389G1]

V04 = [47.3329. 106513880, 325750201]

Vigs = [22.11.20.31.71,211.911.21211. 767131)
Vio6 = [3. 1483. 2969, 1076012367 720103)

Vigr = [47927441. 179&36.18:3312910]

Vios = [2.7,23. 6263, 1036R1. 17716G21671367]
V100 = [128621. 78R071. 5930x5111211]

V110 = [3. 41, 43, 307. 5999GX5 192RGHN01]

2

Viy1 = [22. 4441, 1165321, 1121101, 5101%521]

V12 = [223.449, 2207, 115111077375 1223]

Vi3 = [412670427811921037170771]

Vi1 = (2,32, 227, 26449, 29131601, 2120057587)
Vi15 = [11, 139,461, 1151, 5981, 324301, GXG551]
V116 = [7,299281. 8344281 10R79506721]

Vi = [22, 19, 79, 521, 859. 10526:159%5537355.11)
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Viis
Viig
Vi2o
Vi1
V122
V123
Viase
Vias
V126
Viay
Viog
Vi2g
Viso
Via1
Vizz
Viss
Visg
Viss
Vise
Visy
Viss
Vizo
Vya0
Viqy
Vi
Vyia3
Viaa
Vias
Viae
Viay
‘}4N
Vigo
V150
Vis1
Vis2
Viss
V54
Vis5

Vise

= [3, 15247723, 100049587197598387

= [29, 239, 3571, 10711, 27932732439809

= [2,47, 1103, 1601, 3041, 23735900452321)

= 199, 97420733208491869044199)

= [3, 19763, 21291929, 24848660119363

= [22, 4767481, 370248451, 7188487771]
=.[7,743, 467729, 337587408304(:0183

= [11,101, 151, 251, 112128001, *%143378001]
= [2, 33,83, 107, 281. 1427, 1461601, 761910961
= [509, 5081, 487681, 13822681, 19954211]

= [119809, 4698167631523379%75583]

= [22, 6709, 144481, 30831 1. TGIXR2FI1ID1]

= [3, 41,3121, 90481. 42426-1760-11150%01]

= [1049. 414988698461, 5-177:4:32620001]

= [2, 7,23, 263, 881. 9G7. 32R]. (6329, 152201449

= [29,9349. 10694421739, I¢

50 150)

= [3, 6163, 201912169249, 2703G226X2163

[22,11,19, 31, 181, 251, 511, 811, 57

123010 119611]

= [47. 5626278372832919-1D1376G51xx1]

= [541721201. TRIRLISTRTONIOININT]

LS ML B R K E B

= [2.32.4969. 16561. 16

= [30859. 253279121, 1433 1x0010n0

= [72, 2161, 14503, 1 1X02 111X

= [22, 79099591, GGABKIKXTY. 131508

= [3, 283, 564, 2X20103, nyrmsy_ 3

Ti16hx3]

= [199, 521, 1957000, 2120110, 175171 1380021]

= [2. 769, 2207, 3167, LIS 1STN12 1835221

= [11.50, 19Ix9, 1201963330 11, 132215 1751D61])

= [3. 29201, 37 12IXTTSH01IN 17272007 s ]

11. 652

=[2* 0GOS T SITRGUGH
[2%.

= [7. 10661921, LLIONTIS<OIS70153 N 101]

= [952111. L1353, 3203030535502 15511]

2

[2.32. 11,101, 601, 2521, 370601, X7 120517172 101]

30001183557

779]

= [1511. 109734721, 21

= [47.5627G63RF9GT. 22615 2O0NGI1IT103)

=:[22,lu.glu_aJﬁn.nﬁTl_lxlnn_s:nnn?uxzﬁx:n3nﬂ]

= [3.43.281.-307. 15252167, 90D1G 195D22576G06G03
= [11,311. 3010319, 29 138%2XO51 . 823%370757:11]

= [2,7.23, 103, 1219, 102193207, 911915121535 1-189]



Visy = [39980051, 16188856575286517818849171)

Viss = [3, 21803, 5924683, 14620892449, 184715524801)
Vise = [22,785461, 119218851371, 4523819299182451)
Vigo = [641, 1087, 4481, 878132240443974874201601)
Viel = [29, 139, 461, 1289, 1917511, 965840862268529759)
Vigz = [2. 35,107, 11128427, 1828620361, 6782076947987)
Vigz = [1043201, 6601501, 1686454671192230445929)
Vigs = [7,2684571411430027028247905903965201]

Vigs = [27.117,31,199. 331, 9901, 39161, 51164521, 1550853481]
Vige = [3. 6464041, 245329617161, 10341247759646081)

V167 = [766531, 103849927693584542320127327909)

Vigg = [2, 47,1103, 10745088481, 115613939510481515041)

Vies = [521, 596107814364089, 671040394220849329)

Vi7o = [3.41, 67, 1361. 40801, 63443, 11614654211954032961]
Virr = [22.192,229,9319, 95419, 162451, 1617661, 7038398989)
Vi7o = [7,126117711915911646784404045944033521]

Virz = [78889, 6248069, 16923049609, 171246170261359)

Virg = [2,32

,347,97787, 528295667, 1270083883, 5639710969)
Viys5 = (11,29, 71, 101,151, 911, 54601, 560701, 7517651, 51636551]
Vi7e = [1409, 2207, 6086461133983, 319702817642258783)

ity = [22. 709, 8969, 336419, 10884439. 105117617351706859)
V178 = [3,5280544535667472291277149119296546201)

Vi7e = [359, 1066737847220321. 66932254279484647441)

Viso = [2,7, 23, 241, 2161, 8641, 20641, 103681, 13373763765986881]
Vi1 = [97379, 21373261504197751, 32242356485644069)

Viga = [3.281,904K1. 232961, 6110578634294886534808481]

Vigz = [?.2, 14686239709, 5600748293801, 533975715909289]

Vigsz = [22, 14686239709, 5600748293801, 533975715909289]

Vigq = [47,367, 37309023160481, 441720958100381917103]

Vigs = [11, 54018521, 265272771839851, 2918000731816531]
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3 G Number Factorizations

G4 =[2]

Gs = [3]

Gs = [2%]
Gr =[2,3]
Gg =[37]
Go =[13]
Gio = [19]
G =227
Gi2 = [41]

Gi3 = [22,3,5]

Gi4 =[2%,11]

Gi1s = [3,43]
Gis = [3%.7]
Grr = [277]

Gis = [2,7,29]
Gig = [5.7,17)
Gao = [2%, 109]
Goy = [2,32,71]
Gao = [1873]
Ga3 =[3%.5,61]
Gaq = [3%,149]
Gas = [2%,11, 67]
Gag = [8641]
Gar = [2%,1583]
Gag = [27,5,29]
Gag = [3,9067]

Gao = [5.7,17, 67]
Gz1 = [3,52,19, 41]
G32 = [2.3%,67,71]
G33 = [67,1873]

G4 = [22,45979)
Gas = [2,7, 13, 1481]
G3ag = [31,12743]
Ga7 = [3,7, 19, 1451]
Gag = [7, 47, 2579]
G39 = [22,3,173,599]

Gao = [3%. 67499]
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Geo

= [22, 667741]

= [2%,17, 107, 269]
= [37, 47, 3299]

= [52,336317]
=[32, 47, 29131]
=[2,47,192121]
= [32, 53, 55487]
= 24,33, 13, 6907]
= [2.7.359, 11311]
= [5,3851. 4327]

= [257,557, 853]

2 = [11, 16268653]

= 21,3, 13, 420307]
=[5, 7,41.277, 967]
= [2%, 3,13, 902777]

2

26,3

.7.13,19, 829]
= {7,11, 73, 215261]

= [67, 4271, 6197]

= [5. 11, 47253079]

= [2,11, 367, 471749]
= [3.5,43. 1361, 6359]
= [22, 57. 83, 985679]

= [2,3,23.67,1296781]
= [3%, 401, 541001]

= {13, 67, 29567611]

= [53, 67. 347, 30631]
= [22, 23. 89, 203. 23057]
= {7, 11581295567]
,3%.5477,200861]
= [2%,1439, 2719, 5563]

= [3%,9451749779)

5 = [3%, 509, 9071521]

= [7,78305416339]

= [2,11, 17. 37, 58052837]

5 = [5,7, 33638425649]

= [2%, 7, 30812193073]
={2,3,71,251, 1999, 11831]
= [577,6423159217]

= [3, 23, 78719502613]
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Ggo = (3>, 29, 1409, 21646459)
Gg1 = [23. 5%, 11666626519)

Gga = [17098272199297)

Gga = [23, 354667, 8831783)

Gga = [2°, 47, 79, 154547209)
Ggs = [3.5,11%, 20654895079]
Gge = [8863, 8900188471}

Ggr = [3.7, 36671, 150122171}
Ggs = [2.3%,172,99559, 109049)

Ggg = (23, 47, 229707435499)

Q

©

<3

I

(22, 5,2908183. 6256853)

Go1 = [2.13,47, 67, 6514312699)

G2 = [5.7.47.475177249661]

Goz = [32,52, 111949. 45480553)

Goq = [7. 29, 21847, 332862911)

Gos = [22,3%,7,9764315316923)

Goe = [33.67,1993474574969)

Gor = [22.372461, 3547312813)

Gog = [23.67, 1109, 3803. 3126419]
Ggg = [67.4421, 38324345327]

Gigo = [23.1481. 116359. 4197533)
G101 = [3.79. 1426699, 72111283
G102 = [2.137. 130418828295607)
G103 = [3. 56268347, 310250419]

Gro4 = [2°,3%.13. 19, 1078984681403)
G1os = [2.367. 1973, 77676295693)
G106 = [5.7.37. 127305982972079]
Go7 = [293. 1460423, 564649567)
G1os = [6793. 56053, 929976491)

G1oe = [2°. 3. 13, 23, 43. 420463693127]
G110 = [14741101, 51596041957)

G111 = [2°.3.7. 13, 27. 641, 5379982483)

27, 3%, 5,11, 13, 93133, 7098667)

Gi12 =
G113 = [7,37. 31477, 293679752479}
G114 = [7.31. 37. 118453, 36894911x9)
G115 = [38831869, 132431919157)
G116 = [2. 5,823, 1429, 6521, 98274679)
G117 = 3%, 11, 347, 321536411315891}

G118 = [2%. 4047079818514504489)
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G119 = [2,32, 11, 10, 6306521 802364603]
Gizo = (3%, 11, 137, 1511, 565554084671]
G191 = [5,13, 701, 1118384607318961]

G12a = [131, 158521469, 3596417509)

G123 = [22, 5, 5472760250570726723]

G124 = [52,19, 53,67, 449161, 211737133]
G125 = [22,3,72, 2657, 150480907381661]
G126 = [2%,19. 2266802199396721193]

Gia7 = [3.19, 131, 67626668535 182083)

Gias = [32, 150671099, 545756115407)

G120 = [67, 131, 163, 26474891, 28635853)
Gisp = [2,72,47, 131, 97843, 26925262733]
G131 = [67, 34770990966547606513]

Gi3a = [2%, 72, 23,67, 2503, 2258131593659]
Giaz = [2,3, 7%, 120049, 2130539, 61903367]
G134 = [11. 1543, 2069, 208830324595777]
Gi3s = [3.29, 47, 2273, 1156386600395964]
Gize = [3%, 271, 5347051, 134201661371]
Gi3v = [2%.5,19, 47. 73, 79, 181, 619146587303]
Gi3g = [41,47.83,251. 31859, 147409, 179453]
G13g = [28. 2350462613, 2636962710271]
G1a0 = [2%. 149, 1905 11493635296764 1]

G141 = [3%, 1597, 1115129359, 2214966977)
G142 = [97, 1609149457890676792633]

G143 = [3%. 5. 31, 54661253492865769793)
G'1qq = [2.37, 7, 3257, 5237723, 17330402153]
Giias = [L1, 149, 941, 2558189, [2453393.1093)

[22. 307, 1297, GIGRE. 115611, 4947853]

G1as
Giar = [2. 5%, 13, 149. 75583, 111171369652357]
G4 = [149. 653, 15ROGK20007304849609]
G149 = [3.7.2836033. 7211363, 5277991739]
G50 = [208337, 26635123, 39KGR38R0001]

G1s1 = [2%.3.7, 1279, 1531903677 18442589659]
Gisa = [32.5%, 7,457, 2861, 22519163, 151653529
Giss = [2°. 12540119, 2084579300321 7651 ]

Gsg = [2%,57. 73, 31117699, 33735796195253)
Giss =[5, 3594001 13466631 58022289]

G156 = [2063, 4556269. 3502326047335783]

Gis7 = [3,37,67, 97. 6688097 1738823395809
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Giss
Gis9
G160
Gie1
Gig2
G163
G164
G165
G1ies
Gie7
Gies
Gigo
G170
G171
Ci72
G173
G174
Givs
G176
G177
Girs
Gi7o
Giso
Cigl
Cisz
Cisa
Cigdg
Cliss
Gige
Gig7
Cligs
Gigo
Gioo
Cio1
G2
G193
Gro4
Gigs

Clgs

= (2,17, 19, 1052693, 1621031, 64143617407]

= [3,3019, 5533901, 2067617503661711]

= [2%,3%, 13,151, 1153, 247337, 657661, 954923]
= [2,953, 26449, 311609, 381533, 37138603]

= [29, 67, 6551, 11602427, 2208907364771]

= [7.68299203552137191591478887]

= [19, 67,173, 2909, 1674817, 653032840799]

= [2%,3%, 13,67, 1201, 1259, 5081, 184649, 5771411]
= [21323, 7058073343376839881111]

= [2%,32,13,17, 4933, 14049974116528745173]

= [28,3%,5,7, 13, 243461, 16887439284150059]

= [173, 6883, 13397, 296977699271223931]

= [7,271, 39805763, 91949403486904739]

= [7,173, 365941, 22062222337479290039]

=[2, 11, 107, 149, 173, 245774732977732291069]
= [3.17. 89, 227, 677, 31333455046451800951]

= [22, 5, 1601621648439582965747984921]
=[2,3,31, 2711, 2967292327. 31375746117791]

= (32, 47, 857, 1621, 6356149, 18420673952287]
=11, 13, 7051389150611014:20620329811]

=[5, 311, 134269, 707801541747440836741]

= [22, 11, 9823238709007. 50108-11312558231]

= [11, 1171. 2464233940210409:139476601]

= [27, 3,47, 281, 997. 52813, 55746425645582759]
= [23, 7. 15817, T6OT20824 TO3R53527359557]

= [3,5.17. 19, 47, 359, 1383763, 2TRRIGI3ROO]02RT]
= [33,47.53. 217731 74311966231 652917-193]

= [5.29. 32009, 1038769044 1. 132076659901 13]

= [2,52, 41, 16638077, 27425717, 3362461035520]
= [7, 2341, 15187, 285170663, 6 IKKR117792733]

= [25, 37, 327K3. 696220 OX2K21222K0510337]

L7, 43, 71, 25730280 1RTR59T13310217797]
= [7,67. 3004051701 3169721 237396698093]

= [32, 3779, 47209, 31K01 1, 531132533, 7109403%9]
= [3%, 89, 220, 2341, 2119491 0K623353301861497]
= [2%, 232, 14K0. 13363957, 512133119105250131]
= [11, 607, 1171, 234 1. 3657538205368162165667]
= (28,43, 67. 2341, 3272303. 555 TORKSGHBRIKGTNT]

= [25, 1019, 2204896GT TO48&31 1205931 170329]
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Gig7 = [3, 67, 402808111, 2602885634144591260183]

Gigs = [67, 71, 27391723, 2370302528274122968751]

Gige = [3, 5%,307,607, 1971601, 2509313, 1309275415979]
Gaoo = [2, 3%,289573, 127273965237432856612345817)
Gao1 = [7, 31, 607, 2503, 2948952670692330599053507)

Gao2 = [22, 607, 1628814526159, 360299527190539687)
Gaoa = [2,18, 73, 3823649, 232875749, 1235641393813019]
Gaoa = [173979434527, 17591381879176070679143]

G205 = [3, 5, 11, 61, 109, 26066303987, 156850197574469923]
G206 = [7, 175853, 1462229, 3652149272162933609533)
Gao7 = [27,3.17,163.229, 431. 1013. T49587. 3865953716262641]

Gaog = [3%, 7,461, 2789, 16936Y. 67753210, 562610699647)

Gago = [22,5,7, 179, 1142719701004, 72262294331976181)
Ga1o = [2%, 3790962370199179303K049.11 7911 183231]

G211 = [173, 45707, 2329567, 2.112016G905720430198993]
Gaio = [53, 113, 431. 443, 855171, GG357313673921976947)
Ga13 = [3%, 2181860, 117832266327, 15%130%194720513]
Goa14 = [2, 5,431, 12880, 6TTR. 3715150377507 3082795577]

Ga15 = [3%, 431, 16784221 2120704, 310m%

35802:19]

Gaie = [2°.3%. 5, 13. 163, 121, 1332232301315 1018121 14457]
G217 = [2, 52,61, 7193051, 200738000TOD2R1 3856756564
Gajg = [31. 227, 5801, 15R12G:1 10071 1 1511 10-1RX338573)

Ga19 = [9539. GIRBBNGHET. SRUZNBGROR, 210012 1 K227523]

Gago = [7,17, 37, 20753, 52%17. 330557, 3000023, 151550582107]
Gaoy = [2°.3. 13,271, 10001351, 3301 1715353, 1719887 6520054]

Gann = [47. 727, LITHRLIB6I02 17T, T3M0001010153601]

S.13,.67.2

Gong = [2¢ LATLON MG 1T, 11TR32 1277851002 12507]

Fang = [27. 3% 130 17,385 1. TITOONLST, 15.1370068S308240807]
Gaog = [7-37.227. 6077, 3001 1. 20153567, 3722 11GOG2 1277
Gang = [227. 9370373, 127101 7. 5053270501661 2820]
Yooy = [7.37. 07, 1AL, 16RO, 2135 1625 15660TRITTORTITT6N]
Glaag == [2. 7. 37 6T 0G0 1P 170, SHOIPMRIT 1151 706237]
Gang = [3.-17. 101, 3047, 3T2X300GON2T, 2681106122700 1210]
Gago = [27. 5.-17. 50, (7. 1T057XIHON0S307 191 2306300K3 38117
Cagy == [2.3. 19, 67. 80,661, 1R302202G] . 127207 1196X303-1201324]
Gaga = [3%. 11, 10120, 13RKT3GG239. 316 19LL1LGANG1 T3118GT)
Gagg = [13.46147, 66500, S5000700GX1522R850K79020615101]
Goazq = [29. 3257, 562950&101G611 13, 51151 19077712023]

Gazs = [22. 151, 3227417, 160931RG3215%17, 12937367290R5471)
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G236 = [52, 25123472790323140642534222014282731153]

Gasr = [22, 32, 11, 5352362129, 369317008399, 1175943964398667]
G23s = [23, 43,9067, 3323120587, 161166362927, 807590085319]
Gaze = [3%,7,11, 32385733, 9253248101, 9520490018330700677)
G40 = [3%.5,11, 282881, 1781317, 3872362102181978667697213]
G241 = [2955749, 100201241576641, 14338828928242531697]
G242 = [2,41, 1013671, 764654837615197. 97923055019771929)
Gaa3 = [20701027, 572512847, 76964609851 7863846798559]

Gaaq = [2%,7,149427611, 12951017477, 123353751625046110117]
Gag5 = [2, 3, 5, 1450680512189, 450182938766532476512161509)
Gase = [7.19, 6271, 8852411, 3889009322267441370830785337)
Gas7 = [3,5, 7,157, 419, 6092463726658096505113280430644663]
Gaas = [32. 52, 5281, 858126209, 26581876667, 2275450369422709]
Gaage = [23, 71, 25717, 6187869543507950028908717193946771]
Gaso = [593, 66667194089, 3350810371468715877669177673]

Gas1 = [23. 19, 40852429, 31265269808349424699439478309137]
Gasze = [27. 131, 14947993, 1135184449067886304591021934753]
G253 = [3. 19,2017, 103993, 34878086856029513071441022692529]
Gass = [112, 19, 389, 514531, 1374761, 670058477479, 1441798002091]
Gass = [3. 31034661787, 9620177986602095387916025381801]

Gas6 [2. 3%.67.229, 788351. 2009715779932137115440857249207)

Gas7 = [59. 131. 248909764811228406574713617138355141667)

Gasg = [22.72, 41, 17683, 19841582095781336932570756078130033)

Gase = [2, 13,17, 71, 79. 101, 131, 23192013150949, 5431756307855268869)
Gago = [131.,46229025708979507452469585592661250568371)

Gag1 = [32. 5,67, 24373. 319749462749603699, 377734662577716221]

Gagz = [3931, 3309000673158851919530778597995866799473)

Gags = [22. 3%, 7%, 67. 3680662229, 1148255397083, 38165326976349829]
Gags = [3%. 19, 67, 714012621741852643. 1138454572110136978273)

Gags = [22. 72, 11,977, 1321, 52721, 431097077, 1388913577, 466166021899]
Gage = [23. 72, 23, 2822667257. 3307538687, 712933634602677086959]

Gag7 = [5.43,601. 680646514611898893775168384620158897471)

Gogs = [47. 883807. 3103031565889464569503003227929189893)

Gago = [3.887, 12311401, 5766284529420642593081766543378113)

Garo = [2, 1174793, 99116093, 381587069377, 3115488708493480523)

Gar1 = [3.5,37, 1117. 24957437, 3888357409456901. 6744503210284429)
Gare = [2%.32, 13, 317660613322586010784051 128099697 703233909)

Gaorg = [2,47, 1171, 3319. 236701, 10078225053166826333608390446001]

Ga74 = [283, 42443, 3760821696925206047, 28275339274012017127]
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Gars = [47, 163, 28484977, 8578051979521777858237520354421797)

Gare = [5,47,73, 1117, 92570329, 1546611509505848622788438663441]

Garr =[2%,3,7,13,97, 523, 64575182233271, 280984380490927990658557]

Garg = [5,157,1117, 2685316121, 3660811829, 683620611625790987417]

Garg = [2%,3,52, 13,79, 103, 283, 1117, 32393099027, 6644108460896810460257]
G280 = [2%,3%, 13,17, 11121019, 993316551743706777017121486918011]

Gag1 = [283, 499, 32771, 12225701, 61739146589, 5310318023183878907]

Goga = [7, 283, 24573276170929979, 558458611909948443856760639]

Gosz = [8689, 1891391, 567543709, 4271643807270014175134100107]

Gagq = [2,7,203, 1213, 4118996741, 180282281598071, 15803433077843093]
Gags = [3%, 7,17, 19,2039, 8443, 2913846909959, 27945652341300947728079)]
Gags = [2%, 61, 585863, 945671, 927769918467552224441661125011033]

Gagy = [2,3%,17%,163, 2311, 31267563084692603309285289319894545493]

Gagg = [3%,17,149, 631, 3923, 6323, 83885917864248746594459412676139]

Gagg = [13, 67, 203, 601, 20063274494283623, 128299507099187346276721]
Gago = [63199, 390503, 1325274516549103, 17691047702339769119573]

Gag1 = [22,19, 23, 203, 1697, 81857640983, 11919301283014269548697095989]
Gagn = [5, 11, 293, 4993129, 15778549097, 978898544986730260967461571]
Gag3 = [22, 3, 149, 98783777, 10312444741566958218975689921117465413]
Gaoga = [2%,67, 12953, 29365401787081, 13093344814347161652342226633]
Gags = [3, 149, 8752278250262792536794245935401728491997647807]

Gags = [32, 7,67, 149, 1601, 5694329821831275789288008437227172635373]
Gagr = [11, 67, 3457, 5233, 144737, 704614663, 6180073738498142028312643]
Gagg = [2,5, 103, 757, 9209, 22273, 77006101892078413213968002756014949]
Gage = [11, 1220159, 308071279, 197178665881, 21975780140404162143097]
Gaoo = [2%,11.601, 2251, 222103145811150557301285152044913666277071]
Gzo1 = [2,3,7,1093, 3617, 465960166649, 8271211295991 1, 6055874525584201]
Gz02 = [52, 31,37, 41, 425378207, 1030450637, 110252246711963005203249041]
G303 = [3, 7,89, 21467, 2075407748218727018191214066495630913799351]

Gaoq = [33,7,9177941, 25556507, 9187051323153101, 299644506115443257]
Gaos = (23,127, 331, 12157955743, 64202008877, 338670860681, 2009004303941]
G306 = [23, 1609, 16223, 18067739, 18734360375566673, 1289873615530232947]
Gaor = [2%,52,17,31, 1373, 4153, 6029, 43783, 297151, 8149120548464332076332843]
Gaos = [2°, 15686309, 560812918569442214661002077360159928910601]

Gaoe = [32, 52, 29,31, 1123, 4565999197, 25729216353788281, 30920130964652021]
G310 = [5%, 19,31, 499888813, 2360045671, 1682739366079, 1654728016044889]
Ga11 = [32, 3607, 19687, 326951, 37666409047, 2296803171749, 98041666078157]
G312 = [2,3%,67575947, 89143981, 7984882867864697819765600516017217]

Gg13 = [422431, 29347434605171774881, 307062995113190103505914541]
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Gay4 = [22, 11, 47, 2257909, 1194822435899130798012067522909120275368071]

Gais = [2,7.13,192979, 4675309, 213773743119919663, 232927705635497967953)
Gaip = [71,239, 277, 3497227, 728977895777996001074526862516605055079)

Gay7 = [3,1321, 2137, 2073731564443648765919290049778110705900288551]

Gayg = [17, 401, 168523333747, 917308976511989, 24424128992707658891669)

Ga1o = [22, 3,41, 47, 73, 1201, 8963, 3604225858449127, 575971206229532083139269)
Gago = [32,7, 23, 149, 7243, 33533, 65807206860823213, 16020752873269164353327)
Gaa1 = [22,47, 191, 397, 1217, 11719, 1712077, 232767697127177441278362626158343)

Gaae = [23,7,47.67, 157, 1613, 2659016809303083316095416111968610759592629)

25



4 Tribonacci Number Factorizations

T3 =[2]

Ty = [2%)

T5 =[7]

Te = [13)

T =[23,3)
T = [2%,11]
Tg = [3%)
Tio = [149]

T13 = [3%.103]

T34 = [5,11.31)

Ty5 = [25,.7%)

Ty = [23.7,103)

Ty7 = 103%]

Tys = [13, 19, 79]

Tye = [2,5.37,97]

Tug = [22.3.35501]

Ty = [5. 7, 3469]

Tan = [3%,919]

Tys = [2%,51343)

Tas = [22, 188869)

Ths = [32,181, 853)

Tog = [3%.199, 1427
Tyr = [2.5.470077]

Tog = [2%.7.17.19,239)
Tag = [23,47%.313)

T30 = [52.,37. 103. 307]
Tgy = [28.5.72,47.73]
T30 = [27.7,883483)
Ty3 = [3,53. 103, 11113)
Tg4 = [103%.139, 227)
T35 = [2.3%.11.41.532)
T36 = [22, 233, 317. 3833)
Ts7 = [7,11, 163, 263, 631]
Tag = [3%,3539, 40093]

Tao = [2%,3%,13,577. 4349)
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Tss
Ta6

Tsy

T19

Ts0

T5q
T5y

T5s

= [22, 9133, 354763]

= [167, 142739687)

=[11, 47,1877, 45181]

= [2, 40320889337)

= [23,7,37.71584631]

= [5.47, 149, 2339, 3331]

= [3, 47, 647, 5500283]

=[27, 7%, 103. 1428613]
=[23,3%, 7,53, 1213, 5821]

= [199, 15689304167]

= [52. 41. 103, 163, 333701}

= [2,32, 53, 1032, 1043597]

.52, 13, 53. 31328771)
= [7.163. 313161877&7)

= [163, 257, 647, 1229. 1973]

= [23,13.19, 23, 79, 1451. 23203]
= [22, 12. 479. 59539. 149921]

= [29531. 13847588627)

=[5, 1279, 117614590727)

= [2.3, 139, 70229, 23619389]

= [2%.7. 31, 36642991 7899]

= [3%.5%. 11,277, 3313. 15263]
=[5, 13. 19, 199, 35025108584]

97, 7%, 532949, 4736497)

% .32,7.59.103. T151. 3%23593]

™

[32. 199. 20905582707647]

¢ = [199. 495044.179630231)

= [2,103. 2011, 43738K511317]

= [7. 136956013, 639390049]

= [19. 857, 69240572293303)

W

27 37,157, 446224233600K3]

[22.2.191. 26010153, 1621 1959]
= [1259. 557208422%120051]

=[3%, 13.61. 1619. 38321, 1079269]
= [2.47%.73.5441. 31627, 127619]
= [23,5, 7. 44789, 165811, 20991767)
= [3%,29. 47. 879391, 24K0844.1¥1]

= [33. 4673, 117039127:3432363)
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Ty = {26,72,17, 131, 349483, 111280159]

Tgp = 22,7, 751, 10559, 1124964332707)

Tgy = [5, 103, 33060151, 53966827549]

Tga = [43, 39302478475197493579)

Tgs = [2, 5,37, 211, 6600791, 6031949213]

Tgy = [27,103, 13876823516773624441]

Tgs = [3, 73,53, 103, 2958827. 6142589]

Tge = [19341322569415713958901]

Tg; = {23, 3%, 532, 563, 1607, 23159, 932749]

Tgg = [22, 47, 3389651, 4879871, 21040879]

Tgg = [5, 24069357314251626329837]

Too = [32, 59, 3109, 134081450289876211]

Ty = [2, 32,47, 163,1636667, 1803910939031]
Tya = [24,52,7, 17, 47, 199, 3202, 57593. 9117973]
Ty = {5, 11, 4914769, 5095261438808617]

Toq = [645626791, 3923739552074471]

Tys = [2%,7%,13, 17, 353, 10328047, 263134033]
Tog = [24,7, 17, 587, 3719, 2061813501552821]
To7 = [15762679542071167858843489]

Tos = [3, 103, 587, 13177, 97440757, 124487491]
Toe = [2, 2971, 628800521, 14271952545419]
Tyo0 = [22,3%, 53,67, 179, 3217. 131561. 125028473]
Tyo1 = [7,43, 103, 1447, 867829. 4633630620551]

{1032, 150436394809, 207897801781]

Tio02

2332, 19. 43, 53, 1125833, 17386906 16581339]

Tio3'=
Tio1 = [22.32,53. 163, 547. 550969403 11971895201]
Tyos = {109, 149, 25095481 50654414957:31209]

Tyos = [11, 97, 647. 30471629, 140513906798077]

Tior = [2.5, 163, 449, 503, 1303, 14560561902397799]
Tyos = [23.72, 13, 131. 163. 3237456763. 36165451279]
Tio9 = [11, 89,499, 7207. 12073, 122279, 15158RIRAT]
Ty10 = {11. 6203, 12377, 62723. 204 19T9R312163]

Ty = [28, 3, 7%, 13. 499, 2091532660, 15636129:09]
Ty1a = [23.5, 72, 13. 12457, 3R723. LIK36T, 266TRITRIGT]
T3 = [35. 263, 715909, 1513819, 13013858R30%1]

Tyy4 = [5,41, 1831, 7650095473, 1732051387 50023]

Ty1s = [2,103, 199,397, 42491, 1464503, 9032791415953]
Ty16 = [22,3%, 19, 1820089. 150168290372018505521]

Ty = [3“I , 7,23, 31,2207, 170557. 20336-117335015219]
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Ti1g = [11, 13, 103, 421, 917937266049858276653273]
Ti19 = [23, 19, 1032, 282013604617, 23021292668237]
Ti2o = [22, 5, 19, 176250983, 287509435551556989977]
Ti21 = [472, 66719903, 240306527543021770367]

Ty22 = [3947, 135913, 41134434977, 2952109566463]
Ti23 = [2,52,23,29%.47, 311, 421, 27803, 797021, 908489629}
Ty24 = [25,3,5,7,11, 17, 183283, 956823770517321050251]
Ti25 = [73,55525388231700184031560967491047)

Ti26 = [3%, 9204048289069628610377556756721]

T1a7 = [28,72, 773, 92669, 3583847, 42580R056670847]

Tiag = [2%, 7,199, 397, 999763, 71276134255314899347]

Thag = [32, 773, 354832421, 18791737625313-10081921]

T30 = [3%, 13, 883, 2243, 393137357, 93657277405620793]

Ti31 = [2,199, 307, 487, 10343, GGOK3. 817111, 3649974754717]
Tya2 = [22,71, 1083, 199, 397, 302531, 1330610333, 230125088033
T133 = [7.12501361, 606673011 5GKK02522705725073]

T134 = [37,47, 73, 563, 13487, 208801181, 33K06G4272222207]

T35 = [23, 103, 56203, 1318271 T80, 20386762 17202767K3)

Tyag = [27, 29. 1032, 121, 25007 157 1, 2500 19625 1109372

Ti1g7 = [3.47.53, 1291, 70061. 102070, Kx05901-1%30041-15041]
T1ag = [52. 19, 47, 500571 0R7603%136G2606399 19952011 7)

2,35 20,532 421, 761, 325601, 232231711, 211252K631]

3
8
i

Tra0 = [27, 7:290,121. 12356767, %3 196637, 15322050522653K3)

Tr41 = [523804823157 1481, 132750-160TGHGRITRI034]

Tyao = [32. 1364-(7. 10I82KRGOGE2 500, 503 11620907 0009]

Tyaz = [2%. 355, 7. KRB, HTOL 0 131 1563812133518 121 5283)

Tiqg = [2%. 7. AT9R3577. 1610173607-10307021 1956392 1311]

Tias = [5. 11. 163, 167, GIKO2 WG IDIST. 85%=133551351 7100951 ]

T146 = [B83. 3301300306712 17, S0 1OXI2N ] 1O3DON0691 7]

Tra7 = [2. 118830513010 3 1580606621, TRO12000311356G:1633013]

Tyax = [22. 19,23, 291503, 20355 MG10 1N 3212323 17372311600]
[7. 31, 103, 199, 81658 11662332 191062 15620106 18003]

Typo = [3. 1153, 120087827, 26731119563, 150KG15219602077-11 3]

Tis1 = [2%. 57, 13, 1IRS0226361) 1 TRT-IN 1 XGAITIRO20262 ] 8051 ]

Tyg0 = [2°, 37, 11. 53, 103, 4GEXG03TO00T, 208 107 11L12R25RTG28564)

Ti53 = [1037. 7827857, LIIOGORKITANKGT . N7 1235285036531 ]

Ti54 = [5%, 31, 31G9IKG3391. 150001517782 1221585118 1324]

Tyss = [2,3%. 5%, 53, 3613, 136101821152000706171762571021731)

Tisp = [27,3%. 7,53, 61,347, 1011 746244137117 115207 33K601 78.10]
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T1s7 = {8273, 4473881, 743931493, 4332277415795509059739)

T1s8 = {43, 163, 199, 402379, 390932390825749825952822167093]

Tise = [25,7%, 2154434329, 59729135343838983155264682191]

Tig0 = [2%, 7, 1823, 3635300318887417613248523195303451257]

Tig1 = [163, 1336211, 6268040332202389757700557564455241]

Ti62 = {163, 499, 30871357199199443471990312745479936377)

Ti63 = {2, 3, 4451568481189, 172013542036202063657927921791]

Ti64 = [22, 13, 3493573, 20743516563387661, 2254172832003073601]

Tyes = [3%,7,227, 499, 278925269849453, 872157419412350041213)

Ti66 = (89,103, 499, 6282230541121688811779702975709560353]

Tie7 = [2%,13, 472, 30675237779, 7500221636129250868765395541]

Ti6s = [22,32, 13, 3613, 1744516783937, 32057295576406327144886719)

Tigg = [32, 5,47, 103, 257,5701, 3374942944725827, 165993767182604131]
Ti70 = {1032, 6722042627, 4611728259904785412355370968327]

Ti71 = {2, 11, 193, 257, 3613, 170197277, 901478102693087006353600819)

T172 = [23,7, 113, 3613, 6629593, 1791300831703661, 4097778512449147]

Ty73 = [181, 9649, 17581, 8300743138823137, 80209089904016062591]

Tiza4 = [5, 13, 61736743, 28302615823792033, 33140079633413042879]

Ti7s = {27,7%,17, 19, 1459, 2342193515302843296689512588542156553]

Ty76 = 22,3, 5, 7,193, 141403, 51685627223221, 10746599697908390147789]
Ty77 = {269, 17167, 966319, 5248205978109478003185479646598741]

Ty7g = {3%,72024767017462705429, 2461199583224556871642727]

Ty79 = {2,269, 20061562860161, 7340698272548276860401431588557)

Tygp = {22, 47, 102200027753, 7584465716419746714922529997470533]

Tyg1 = {32, 7. 73, 199, 8885003563, 32961336096774913960749684692389]

Tygs = {32, 5,19, 659, 93851. 436013, 21381731445670690148479068574607]
Tig3 = (23,31, 47, 103, 192325099, 3926986948517288981938811699986027)
Tygq = {22, 47, 107, 34519, 74544593, 8479713149, 3799570328120350592047)
Tyg5 = [52, 772842037, 158763192016238234802125621092539983921]

Tyge = {5, 13, 101, 103, 2039. 138923, 157933, 23003341, 8107806585125246784979]
Tig7 = {2, 1032, 149, 901215439, 3642173442466197873674411991874627]

Tigg = [2°,7,17, 331, 215920183, 2785465091, 25177552504566598520064329]
Tige = 3,37, 53, 1237, 1789, 1088569, 386945512687, 6401683242362044941211]
Tyg0 = [19, 2816533930537, 1206589941402497281911086184399694283]

Tye1 = {27,3%,7%,17, 532, 253769, 6662177, 107689668319, 8962640474594707]
Tig2 = {25,7,17, 149, 461, 1416382571, 12317412613457411, 47867746237096649]
Tig3 = [1663, 241593013853046836990335371811220675458072309183]

Tigq = [3%,37, 199, 99146251, 1758438161218727423, 21320829766797385133)

Tygs = [2,3%,1181, 120208412028469135601, 164945723936781589062287359]

30



Tig6 = [2%,3989351, 177982063729, 246488232401, 3571003552995575867119]

Ti97 = [7%,199, 1181, 68716829, 350202467, 243824713427, 68047990817853169]

T19s = [199, 194727479, 218244606869284104178873796965412831809069]

Tige = [2%,163, 879175576943, 13568132475449752852347380332078950031]

T200 = [2°,5,103, 683, 443467, 45853605821436589940848596752572201547401]

Ta201 = [2297, 2309513, 42851351, 3188308483, 529547891017, 137107327671221}

Ta02 = [3,1237, 1230167, 731817230415097, 28971031253630510486483709397]

Taos = [2,11, 103, 33923, 60549898967, 38247537136743677495584938133354889]

Ta04 = [2%,3%, 7,53, 1037, 220353332094043108733, 582609433233864737166533]

Taos = [52,311, 1237, 62618094161639378141060796728115537518001422653]

Taoe = [1237, 37546540844066121448547, 23849526152585831274508332503]

Tao7 = [25,3%, 52,73, 13, 53, 311, 2442227, 61487816309, 12819099208277579594898341]
Tao0s = [2%,32, 7, 53,61, 930113. 2472557030725687503286863510305311508203187]
Ta0e = [1752121324867, 3933720881812357359338266320372545019484027]

To10 = [5717, 2217425144332321212961720230493366504887465096331253]

To11 = [2, 7523, 154969255311564399364534754594640825391581 1092383987}

To12 = [22,163, 3833, 3866028776338489. 5853639490746221, 758295672976518553]
To13 = [5. 7,472, 11841629, 646738415641, 133217604963293989586084296708729]

Toy4 = [145082467753351661438130501937754420584096000083183992629]

To15 = [2%, 3,47, 163. 91163, 197063, 562256590267, 143684334349981678632323997623]

[22. 54,11, 163, 1307, 352097, 593629, 400811802481356633385740175932471139]

T216
To17 = (35,5, 29,103, 983, 3457, 2079713, 17098931, 686128162451185552188408833923]

To18 = [71, 1307, 17892819121023911328151950829289147159540981542182353]

To19 = [2, 11, 31, 383, 1999, 5848792428715116452909501957995472846773214371229]

Togo = [24,3%, 72, 11.13.17, 79, 103, 167113, 572521, 27705452724419299, 15155068255115773093}
Too1 = [32, 31, 1032, 102130801039599684257. 34176317350489902791013720481097}

Tooo = [61. 6433069. 3&73674681066028893458211, 12500842751037860790398003]

Toosz = [29,72, 13, 19. 151, 24294461, 1845774809, 9519758870901 47350095917423245603}

Toog = [2%,77, 13,199, 5417, 5851107022778074686095922995960771671721967432169]

Tao5 = [101, 2381, 491674905701379909735606468046031599293176006944038529]

Tooe = [47, 307, 1367, 3917, 5417, 289129, 333921741058913, 5382137026114860577680929}

Tao; = [2,101, 1255169, 9855037, 3213413519, 1147703623571, 43405973096921696978261]

22,3, 11, 1367, 3944407, 381996887731, 2705971085155457810705641180058650583]

e
N
o
I

Toog = [7,47, 14693693420962503507168359, 27991 7283065375826451656570114329]

Ta30 = [36. 13, 41,43, 47,21211. 152948045667779, 329894780863693432095228924632909]
To31 = 235,37, 8821, 14221, 24657315908157329901 123674308740636110324053217483}
To32 = [22. 109, 2003, 3259, 4938403, 599054851825373874095729872993832297121566081]
Tazz = [34 ,30094792077551, 1913482243750249, 3320118294008110938901603359767]

Tozg4 = [34. 11, 103, 179, 449, 2341, 57681386351, 28599102175467141625695769278954632153}
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Tass = [2, 757, 44609051, 420160335592369, 1846245018221021639951280887945797183]

Tase = [2%,5,7, 19, 8553055613, 28884326184941, 73317478712628505609356505441662361]

Tag7 = [103, 523, 4849189, 9701971, 69933318514259532439943715690539921490910277]

Tasg = [5,103%,1439, 16319, 80222383543, 3262174781708041233628161439385654978291]

Tage = [2°,7%, 19, 257, 360077, 19052829865079305423, 711638171571426231935268478763]

Taso = [2,7, 19, 1439, 10007, 220903, 476299, 99233957, 6893702699703187277469447658130323]

Tas1 = [3,53, 20033, 35083, 340381, 1082597, 23488527506621, 1447025636122740696282435833]

To4o = [13, 3259, 1888177756869869, 5218684588701509, 8936505195145325505199305431]

Ta43 = [2,3*%, 532,149, 16447, 20543, 1205085877, 248557697708959792797201608578443117353]

Ta4s = [22, 5, 611531, 708031, 2598415403, 560904482247870912792255542597470088017801]

Taas = [7,31, 1051, 715451089, 142267363453918938728806734811051530050930657506813]

Tase = [3%, 107, 7144979, 142873883, 5630303113087556263, 7714099876291595905618219537]

Taq7 = 28,32, 52, 71, 199, 397, 49123, 2880739, 4323412073, 12713253504527699081662384741249979]
Taag = [22, 5,59, 757, 26414473, 6121758251058516953288977472938358932730219892380323]

Thag = [229, 72923, 18444700295576992679069, 862529274075154742341672344957378307)

Tasp = [21713, 1434143, 39728783, 591251303, 668044260522435101937431765888407971611]

Tas1 = [2, 103, 269, 757, 347561, 1329862577, 3683103075071389, 12585697433517835214141501803]

Tasa = [27,7, 257, 757, 9483240702940758173163706928920629556775681205429932618641]

Tass = [163, 1621, 44904517661, 16517415169537, 15514596670990157750481489159414838997]

Tos4 = [3, 103, 13207576049, 410414892322417374825315833, 3338781225540657787526378261]

Tass = [29, 72,11, 1032, 157, 257, 100777472857, 863997920996412707946548341645340285581879]

Tase = [27,3%,7,53, 257, 7510109, 849419142202576946674927764674405263275603458721217]

Tass = [11, 599, 5807, 1072849, 6675138989, 8056842898278438959659, 15761801768890856455493]

Tasg = [19, 421, 1097, 40627, 398323517, 110549218091023, 4077009709921641736723962730294159]

Tase = [2,32,23, 472, 53, 9067, 54185707, 167065039, 29589254807449999301013652057951668617093]
Tago = [22,32. 53, 199, 397. 324179, 6510463, 13665828191, 13164974047, 3782811178477321201261612459]
Tagy = [7,47, 107, 3635837629, 515400241679, 6036844708621127334909401459747101247378879]

Tagz =[5, 11, 113, 966224141, 770915915449, 158220295939427005565867092853398441394854447]

Tagss = [23, 13,292, 149, 199, 397, 421, 251879, 4819448408233, 2560395682076617958121124698968305651]
Taga = [22,23. 199, 269, 397, 12143, 16618951337, 75582339793, 5335766433627191, 15572439910294642019]
Tags = [401, 142537, 79737858035001735390044425413552972592049183056288211488006457]

Tase = [59, 163, 1621, 537728882964669508048183859222416149902168183720449652936035889]

Tagr = [2,3, 5, 211, 269, 401, 4297, 796363, 1269049, 18335497, 283587817823609990334830578070492921867]
Tags = [23,7,19, 103, 269, 1451, 14563, 13053608819, 8620020779033240790557, 404572706580381729081631]
Thee = [3%, 5,163, 1531, 1621, 139060457, 763147675068452828524233957111810459076291803374213]
Ta-o = [83, 163, 1621, 4374566849173476467542470393594710800280684021539230240747408013]

Tar1 = [26,72,17, 103, 167, 2155000142795890336922395813571, 89290907748345450507317486166707]
Tare = [23,3%,7,47, 1032, 430485529597682382050801277453755412875902455807059259493818251]

Ta73 = [33, 43, 11096033982731761369, 46337446937860473583212273161594119892322467349073]
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To74 = [656662324733, 1672012204810054310442048281890417439079445298584313710086509]

Toys = [2, 5, 47,499, 2153, 195541818413, 6897552088258236812620867, 2965199476846943644963251287]

To76 = [22, 13,29, 47, 421, 587, 10667, 12839903, 45347749, 1893130935047494123, 18035185317921415661553421]
To77 = [7, 73, 419, 499, 883, 3529, 25579, 28-88443, 144639600162373, 1901096387248061, 1010051063282448283]
To78 = [52, 23, 131, 238729, 698771201086383061881310428874502454762167893261200211796470897]

Ta79 = [23 »5,13, 29,373, 419, 421. 410482043, 1939598501, 1941528019947101, 15068596467490042970824983779]
Tagg = [‘22 »3, 13, 29, 421, 381630590537143125820730291258197, 58483092919486631942852476036170487]

Tag1 = [11, 89,1471, 527179, 994822531, 2451485999, 162936476454084494891, 259167673813116518614529]

Toga = [34., 97, 1063, 4349, 12983, 21176420407, 17180344310802767869, 838181739261751500671767903027]

Togz = [2, 67, 83, 53089. 3136355211594116176826461, 14282816462511 7935978759712027407868917293)

Tags = [32, 103, 907, 16759, 3446353116259. 12497887577693776402409009, 1474327315345976968352063383]

Toge = [32, 13, 83, 100357, 25922851595307907183, 65144906760684051802895144208680536641945264509)]

Tog; = [26, 72,17, 83, 461, 64969, 267129133073161. 85505269140066435818128267744676375649307511501]

Tags = [24, 7,17.103. 3637, 5483. 433541604361, 3283804213249164728252051461625752537283662998889243]

Togg = [1032 , 987, 3167, 33604371735367. 15451363194806489886873304337227922591971907968399787]

Tago = [113, 199, 883, 25579, 7283711, 42522594990461329, 119735901323769062160438402494585994443689]

Tag1 = [2, 43, 277, 72341, 173861, 33033708513986120136273401351, 3500256321078449740910461860468697]

Toga = [22, 139, 587, 47661208791337. 277347698608795362409, 14769609523244042582279121193849410197]

Tagz = [3, 52,7, 53,151, 311, 587, 883. 997. 25579, 151687587022961395950916819, 44732265310308746849911672507]
T300 = [23, 5,7,7283,11706181. 349609719149944439535345816878977874263040742633124836847663365017]

T301 = [67, 641,907. 1519423, 763221981941. 191231486556976534354016381, 1777000010652458763252674081]
T302 = [192 , 61,103,907, 35497462241, 129115624675459, 2994389597093124827458897539269590367463052051)
T303 = [27 ,72, 15313, 138251, 35521639280664675526909, 110100119628997741 237641626990036429706547249]
T304 = [‘23, 7,43. 251, 3853, 6781, 331094403906372522811, 39169983719988310692439, 466376499769310593268497]
Tz05 = [472 , 103, 1021907, 48669725903. 90106150091. 308703075041360943939, 5581047081410908195970575219]

Tz06°= [3, 52,1032, 311, 38333. 2637496471, 1201525351103912557616710431 4034044145398355805165895017623]

Tz07 = {2, 43, 47.163. 1213, 43638705361. 320786404427, 52122762606424402129357119510891140302851067758729]
T308 = 22 35 , 43,53, 89,373, 110807. 2154603197, 27-159028327822177, 2267428134173209210455560694433540135177]
T300 = [53, 72,311, 379, 157427, 2274814094869243907546750423. 7776447477131893832899178734092352167923)

T310 = [52, 19, 257. 311, 47871367, 106387441136605062917, 19125297261876265519705507580379546384829788371]
Ty11 = [29, 32, 53, 307318728467, 85359333376469. 11659464618595104092497, 1942507391364352063057971325927)
Ts12 = [28. 7, 23, 257. 727, 3613, Pyaa]

T513 = [37, 773, 1543. 1785689, P12g)

T514 = [3, 31,1543, 432311251, 23]
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